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LIQUID LEVEL 


TYPE 2506 OR 2516 
REMOTE RECEIVER 
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TYPE 577 
DIAPHRAGM MOTOR VALVE 


meat 
Caen 4 


Type 2516 Multi-Trol 
with Re-set 


Fac AEVEL-TROL 


VERSATILITY OF MOUNTING FOR EASY ‘‘ON THE SPOT” ADJUSTMENT 


This new Fisher Controller consists of a primary pilot 
(standard Fisher Series 2500 Level-Trol—used for indi- 
cating or controlling level) whose output is transmitted 
by pneumatic link to secondary pilot—the Multi-Trol. 


MULTI-TROL FEATURES 

1—Available with reset (Type 2516) or without reset 
(Type 2506}. (Reset may be ddded to units originally 
furnished without it.) 

2—Proportional band adjustment is incorporated into 
the remote receiver controller with a range of 10% 
to 200%. 


3—Level control point is adjustable manually in the 
case by level set adjustment. For remote set—provided 
with connecfion for remote air loading. 


4—Pressure balanced type of relay provides intermit- 
tent bleed and gives accurate stable control. 


5-—-Pilot may be changed from a direct acting to a 
reverse acting unit or vice versa, thru the use of switch 
plates. 

6—Pilot may also be changed from proportional action 
to two position action or vice versa, by repositioning 
a switch plate. 


Write for Bulletin F-2506 


FISHER GOVERNOR COMPANY, Marshalltown, lowa 


WORLD LEADER IN RESEARCH FOR BETTER PRESSURE AND LIQUID LEVEL CONTROL 
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| 
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No ordinary iors tite New CLARE Type T 
High Frequency Impulse Relay will 


follow 2500 cycles per second with 


life measured in billions of operations! 


specifications .... 


MECHANICAL 


SIZE: 1-15/16 in. diameter x 2-3/16 in. overall. 
WEIGHT: 5 ounces. 
MOUNTING: Equipped with mica-filied bakelite plug, 
to fit a standard 8-pin octal socket. 

COVER: Removable dust-tight cover. 
CONTACTS: 

Type: Form A (s.p.s.t., normally open) 

Material: Platinum-iridium 

Gap: 0.0005 inch 

Pressure: 30 grams, min. (Coil energized with 
con 50 ampere-turns) 

: 


Type: Single winding, bobbin-wound 
Wire: Heavy formex 


ELECTRICAL 


COIL DISSIPATION: 0.5 watt (estimated max.) 
CONTACT RATING: 0.05 amp., max. 50 volts ac, 
non-inductive. (estimated) 
CONTACT BOUNCE: None 
OPERATION: 
Pull-in © 15 ampere-turns 
Drop-out ©® 12 ampere-turns 
Pull-in time ©@ 120 microseconds 
Drop-out time © 100 microseconds 
RATE: Will follow 2500 cycles per second; aperiodic 
to 1000 cycles per second. 
LIFE EXPECTANCY: 5 x 10° operations with zero 
contact current. 
DIELECTRIC STRENGTH: 500 volts, rms, 


TYPICAL APPLICATIONS 


Coil inductance @ 0.3 hy (contacts open) 

Coil inductance © 0.35 hy (contacts closed) 

Coil resistance ©@ 135 ohms 

Pull-in current @ 10 to 12 ma. 
Drop-out current © 8 to 10 ma. 

Normal coil current @ 40 ma. 

Contact current @ 0.075 ma. 
UFE EXPECTANCY: Following a 1 x 10* opera- 
tion run-in period, a life of 5 x 10° operations 
with a .075 mo. contact load over a 6-month 
period without readjustment. 


View of Clare 

Type T 

High Frequency 

Impulse Relay ; 7 OER 

with dust cover x fis Exterior view of relay 
removed ready for mounting 


Originally designed for use in an analog computer, the new 
CriareE Type T High Frequency Impulse Relay is now available for 
other applications which require a highly sensitive relay completely 
free from contact bounce and capable of a prodigious number of 
operations at extremely high speeds. 

Its pull-in time of 120 microseconds and drop-out time of 100 
microseconds enable this relay to follow up to 2500 cycles per 
second; aperiodic to 1000 cycles per second. 

In a typical application, it has a life expectancy, following a 
run-in period of 1 x 106 operations, of 5 x 10% operations with a 
0.75 ma contact load over a 6-month period without readjustment, 

To achieve its high-speed, no-bounce, and other unusual charac- 
teristics, this relay is built to extremely close tolerances, with a 
high degree of precision, under conditions of utmost cleanliness. 
This necessitated the development of techniques never before em- 
ployed in the manufacture of relays. 

Even before this first public announcement of the availability of 
this truly remarkable relay, its fame has spread. Already dozens of 
inquiries and sample orders have been received from laboratories 
and development organizations which had learned of its existence 
through the manufacturer who first applied it in a well-known 
computer. it may provide the answer to one of your problems. 

For full information on this new relay or for consultation on any 
relay problem, we invite you to contact your nearest CLARE sales 
engineer or write to C, P. Clare & Co., 4719 West Sunnyside Avenue, 
Chicago 30, Illinois. In Canada: Canadian Line Materials Ltd., 
Toronto 13, Ontario. Cable address: CLARELAY. 


WRITE FOR BULLETIN 117 


_ CLYastiss [islelifal es 
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Today’s organization! 


American industrial success is ty pically 

illustrated in terms of the development of 

vast raw material sources and in the 

S i C C fs a q 9 magic numbers of fabrication. Between 
® the head and the feet of the American 

industrial Goliath lies the Petro-Chem 

Process Industry, and without IT 


the rest becomes as useless as 
dismembered limbs. 


The -flow from raw material to 
manufactured product is often through 
Kieley and Mueller valves. Our 

ability to overcome the problems of 
distribution and distance and sustained 
customer service of our more than 
4,000 customers from coast to coast is 
only possible with our large 

group of sales engineers in the field. 
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Increased production schedules can only be met by advance planning. For 
some time now the pressure has been on us to produce more with shorter 
delivery schedules. Our new plant, new equipment, and certain essential 
re-tooling has prepared us not only for present demand but for foreseeable 


future increased production. 


Kieley and Mueller new plant facilities 
at Middletown, New York provide in- 
creased manufacturing space. The new 
buildings also house an ultra modern 
engineering and testing laboratory. 
Additional stock and storage space 
helps to speed completed orders, and 


new equipment adds to output capacity. 


Our new catalog — covering the full 
range of Kieley and Mueller Control 
Valves for modern process require- 


ments—will be mailed on your request. 


* 


£ 


poet hats cat 


KIELEY & MUELLER, INC. 


Valve Makers Since 1879 
2033 - 43rd STREET NORTH BERGEN, N. J. 
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INSTRUMENT PANELS 
a NTL 


Benchboard 
Console 


Five Section 
Cubicle Control 
Board ond 
Lighting Canopy 


Corner 
Cubicle 
Section 


Xefinery Cubicle 
with Mimic Flow 
Diagram in Color 


Superior ENGINGBTING waxes 


FALSTROM YOUR LOGICAL CHOICE! 


Experienced designing and quality fabri- 
cation assure the efficiency of any indicat- 
ing, recording, or control installation. 
Whether you are planning new construc- 
tion, modernizing existing installations 
or adding to present equipment, FAL- 
STROM offers long years of experience 
and the most modern facilities for fabri- 
cating to your specifications or recom- 
mending standard designs. In any case, 
by specifying FALSTROM you specify 
the highest possible quality metal work- 
ing techniques known to the industry. Es- 
timates on your needs will be supplied 
promptly—call or write FALSTROM to 
arrange a consultation. 


WRITE FOR BULLETIN #125 


Visit us at the 1.R.E. ELECTRONICS 
SHOW Grand Central Palace Mar. 
23 to 26 Booth 4-507 





SINCE FALST RGR 
pie COMPANY 


92 Falstrom Court, Passaic, New Jersey 


DESIGNERS, ENGINEERS AND BUILDERS OF 
CUSTOM METAL PRODUCTS FOR INDUSTRY 
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TAL KC INDICATING 


<> PYROMETERS 


FOR TEMPERATURE TESTING 
HE LABORATORY OR IN THE PLANE... .« 








with the same care as our aircraft temperature indicators, these pyrometers 

quality” to the test engineer. Use Lewis leads, thermocouples and selector 

g fo: build complete temperature measuring installations. All models available 
als and white markings for photographic observers. 


This instrument has been used extensively by the leading 
motor-car manufacturers for road testing on the ‘Proving 
Grounds” — where performance counts. Housed in a rec- 
tangular bakelite case, this reliable, fully compensated 
pyrometer is furnished with 6 in. hand drawn scales for 
greater accuracy. The Model 58PY is available for use with 
all standard thermocouple materials, in many ranges to suit 
the most exacting application. 


Accuracy — 1% of total scale deflection 


e MODEL S8PY 


Manufactured with the same type of movement as our aircraft 
pyrometers, the Model 23B pyrometer is well suited for use in 
moving vehicles and has been successfully used in many test 
stand installations. It is housed in a 4 in. round bakelite case that 
is flanged for panel mounting, and is available in several ranges 
for use with various thermocouple materials. 


Accuracy — 2% of total scale deflection 


The Model 20B series of indicators are patterned after our standard 
aircraft instruments and are supplied with 3’ round steel cases suit- 
able for panel installation. These compact, sturdy indicators have 
2% in. scales, are fuily cold-end compensated and are available in 
many ranges for use with various thermocouple materials. 


Accuracy — 2% of total scale deflection 


STANDARD RANGES, ALL MODELS 


FAHRENHEIT CENTIGRADE 
nine a Oto 400 0 to 1200 0 to 200 Oto 600 
Oto 600 0 to 1600 0 to 300 Oto 800 
Oto 800 0 to 1800 0 to 400 0 to 1000 
0 to 1000 0 to 2000 0 to 500 0 to 1100 
0 to 2500 Oto 1100 


THE LEWIS ENGINEERING CO. 


Manufacturers of Complete Temperature Measuring Systems for Aircraft 
ee ee No 6 Ci 950) dae 
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As con be seen from the exploded view, Ledex Retory London. W.1, England. John C. N 
sondon, ade wungiand. JO e iN. 

Solenoids constructed with few. moving parts. Hughes, Crown House, 143-147 Re- 
to exacting tolerances and are gent St., Telephone Regent 3891 


COVER PHOTO 
especially for this product ound by | The Brush Electronics Company Welding Ana- 
ae 9 “4 it is wi e | lyzer is shown being used with the Sciaky Elec- 
, - puts a maximum amount | tric Resistance Welder to assure its optimum f 


operation. Machines such as the PMCO.6T, with 
fe giving tre- Sciaky developed and patented three-phase oper- 
ation, provide a method of fabrication that re- 
places expensive forgings, castings, weldments, 
and machined parts with simple, low cost, built 
| up assemblies of heavy plate, bar stock, and 
| serew machine products (Photo courtesy of 
Erush Electronics Company) 










































MEMBER SUBSCRIPTION RATES 


ae For One and Two Years. 
" United States, U. 8. Possessions, 
y and Canada $4.00, $7.00. 


Latin America and Australia 
AuditBu- — ¢- 4. $8.00 
reau of Cir- = hehe : 
culation All other countries except those 
noted below $6.00, $10.00. 
For the present, subscriptions not accepted from Austria, 
Bulgaria, China, Czechoslovakia, Eastern Zone Germany, 
Hungery, India, Poland, Romania, Russia and Yugoslavis 
; Payments from outside the U. 8. A. must be in 
| I oe ——— the form of an International Money Order or 
i . check on a U. 8S. Bank 
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Position and company connection as well as 


923 WEBSTER STREET, DAYTON 2, OHIO products manufactured must be indicated in all 


nt ription orders. 















This diaphragm motor-operated Farris Flex Valve is 
handling a hard-to-convey, semi-solid slurry in a leading 
chemical processing plant. Before it was installed, other 
types of valves clogged after as little as a few hours’ 
service. Yet Flex Valve has performed perfectly for 
more than 3 years, in a 24-hour, 7-day-week operation. 
Many other Flex Valve installations have been giving 
trouble-free, continuous service for 15 years or more. If 
you have a problem in controlling flow of any hard-to- 
handle fluid, send for Catalog No. FL 382 C, 


Exclusive FLEX VALVE Features (Pot'd & Por. Pending) 


e@ Will outwear any metal @ Complete closure for 
valve on abrasive service. bubble-air tightness. 

Proven minimum I1 to | . . 

e Tight on grits up to 4%”. 

life over metal ‘ 6 P 

@ No obstructions, pock- 

@ Full pipe capacity. P 

ets, Or internal parts. 

e@ Will not freeze up in 


@ Valve body available in 
outdoor service. 


pure gum rubber, neo- 
e Excellent control char- prene, butyl, buna-n, 
acteristics in first 43 of buna-s, food stock and 
travel. special compounds. 





: Representatives 
d CORP., Palisades Park, N. J., U.S.A. 
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CONSOTROL M/5 2 


gives you all these advantages! 


For indicating control functions in your console 
or graphic panel instrumentation, no other con- 
troller offers so much for so little money as the 
Foxboro Consotrol M/52 Indicating Controller. 
Compare these combined advantages: 


4 A completely self-contained, compact, 
® panel-mounted Indicating Receiver Con- 
troller that costs up to 20% less, installed, than 
usual graphic panel indicating control. 
Simple installation — only 2 connections be- 
® sides the air supply. 
Pull-out feature that provides complete acces- 
® sibility of control mechanism from front of panel. 


4 Instrument-type pressure transmitter for 
® driftless remote manual control, instead of usual 
pressure regulator. 


Simple 2-position transfer switch and “fool- 
proof” transfer indicator provide absolutely 
bumpless transfer. 


OX BOR 


REG. U.S. PAT. OFF. 
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& Graphic panel compactness — takes only 3°” 
@ x 7%6" of panel space. 


7 Full-size’ performance — control action un- 

® surpassed by the finest conventional-size con- 
trollers. Available in Proportional, Proportional 
with Reset, Proportional with Derivative, Propor- 
tional with Reset and Derivative, and On-Off. 


8 May be used with separately-mounted recorder 

® using conventional circular charts. Up to 6 
records may be combined on one chart with the 
Foxboro Multi-Record Recorder. (Consotrol Re- 
corder-Controllers, featuring full scale 4” strip 
charts, also available.) 


Get full details of this space-saving, cost-saving 
instrumentation. Write for Bulletin 463 describ- 
ing the complete Consotrol Line of graphic 
panel instruments. The Foxboro Company, 
463 Neponset Ave., Foxboro, Mass., U. S. A. 


RECORDING - CONTROLLING - INDICATING 


INSTRUMENTS 
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OPERATOR REMOVES AIR-FRAME MEMBER FROM PRESS. SIX G-E PYROMETERS KEEP THE DIE TEMPERATURE CONSTANT. 


G-E Pyrometers Provide Inexpensive Control 
For Process Die at Douglas Aircraft Co. 


Douglas Aircraft Company, Santa Monica, Calif. is cur- 
rently using six G-E pyrometers to control an electric die 
which is used in a hydraulic forming press. To relieve 
stresses which might be set up during the forming process, 
the aluminum members are first heated in a furnace and 
then placed in the electrically heated die. The temperature 
of this die is kept constant by the G-E pyrometer equipment. 
Accurate control of the die must be maintained as each 
member in its finished state is worth about $2,000, 

THE G-E PYROMETER is a two-position (on-off) direct-de- 
flection millivoltmeter type. Besides being one of the least 
expensive types of automatic control, the General Electri: 
pyrometer employs an extremely simple and reliable con 
struction, thus assuring dependable operation. 

STURDY CONSTRUCTION tbroughout makes the G-b 
pyrometer equipment rugged and vibration resistant. Two 
of the features which assure low maintenance cost are: a 
readily accessible plug-in control unit, and a standard 
vacuum tube which permits easy and low-cost replacement. 
MORE INFORMATION is available from your nearest G-E 
apparatus sales office or write for Bulletin GEC-713, Gen- 
eral Electric Co., Section 602-248, Schenectady. N.Y. 


G 7 
Sf CR? pul P a conflence a 


PLUG-IN UNIT is readily accessible for any maintenance 


checks. The cover is easily removed and the unit pulled 
out. Standard vacuum tube is shown on right end of unit. G ft N i 8 A L FE L £ C T a i 
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SILECTRON -corts...BIG or LITTLE 


any quantity and any size 


For users operating on government schedules, Arnold is now produc- 
ing C-Cores wound from \%, 4, 1, 2, 4 and 12-mil Silectron strip. 
The ultra-thin oriented silicon steel strip is rolled to exacting toler- 
ances in our own plant on precision cold-reducing equipment of the 
most modern type. Winding of cores, processing of butt joints, etc. 
are carefully controlled, assuring the lowest possible core losses, and 
freedom from short-circuiting of the laminations. 

We can offer prompt delivery in production quantities—and size is 
no object, from a fraction of an ounce to C-Cores of 200 pounds or more. 
Rigid standard tests—and special electrical tests where required—give 
you assurance of the highest quality in all gauges. @© Your inquiries 
are invited. 





igighlole Y OF ALLEGHENY LUDLUM STEEL CORPORATION Ae 
General Office & Plant: Marengo, Illinois 
DISTRICT SALES OFFICES 


A 


pre Stote Bldg. Los Angeles: 3450 Wilshire Blvd. = 





—- 
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Chester ENGINEERED plastic insu- 
lation, laboratory and field tested to 
more than meet specifications provides 
both easier working qualities and 
longer service life. These rugged plas- 


easily and offer excellent appearance 
in open wiring. Chester single or multi- 
conductor wires and cables are avail- 


able for electrical, electronic, TV, 
radio, telephone and many other in- 
dustries. Call or write for illustrated 
bulletins, today! 


tic coatings offer maximum immunity 
to abrasion, weather, oil and most 
chemicals. Smooth and pliable, they 
pull through channels and conduit 


an 
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JAN-C-76 
WIRES" 


SRIR, SRHV, SRRF, WL 





105°C, 90°C, 80°C 
UL APPROVED; 
120°C" 


SHIELDED 
WIRES & CABLES 


persnmrmmetret <q ON 


*Solid colors or spiral marking 
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| COMMUNICATION 
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| TO SPECIFICATIONS 
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VISIT US AT THE 
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Modern Safeguards—Brink's for Money, Bailey tor Process Materials 


Are Your Process Materials Guarded As Well? 


HERE’S HOW TO PREVENT SPOILAGE AND WASTE... 


Q avoid waste of valuable process materials flow in pipes, open channels, ducts, furnaces, smelt- 
and finished products, process rates and condi- ers, kilns, ovens, dryers. 


tions must be accurately measured and controlled. When you call Bailey Meter Company, you get the 
That's where Bailey Meters, Analyzers and Con- help of years of experience as well as recommenda- 
trollers can help you to improve the efficiency of tions from a wide selection of measuring and con- 


your plant. trolling devices. 

Take flow for instance. Bailey Meter Company offers Your local Bailey Engineer is as near as your tele- 
a complete line of flow measuring and controlling phone. He has the experience and the equipment 
equipment for applications ranging all the way from necessary to set up an effective guard for your 
high pressure steamo low pressure gas. We measure process materials. 


AREA TYPE FLOW METER 


Transmitter goes into 1, 2 or 4 inch 
pipe line like a valve and transmits 
flow measurements electrically to 
recorder in remote location. 


Measures oil and other clear liquids 
under static pressures 
up to 600 psi. Minimum 
range 0 to 1200 Ib. per 

hour, maximum range 0 to 96,000 


Ib. per hour. TEMPERATURE + FLOW 


PRESSURE  LEWEL 
GAS ANALYSIS + RATIO 
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BETTER THAN ANY HAND 








...for efficient, economical process control 


@ An automatic Sylphon Control can do a 
better job, any time, than hand-operated 
valves or “guess methods” do at governing 
temperatures. For Sylphon Controls main- 
tain temperature that assures uniform process- 
ing conditions . . . constant product quality. 
They help reduce spoilage, wasteful over- 
heating . . . save manpower and manhours. 
They do their jobs dependably —day in and 


day out. 
Sylphon Temperature 


Regulator No. 999, 
a here, is one of 





FIRST WITH BELLOWS 


the Sylphon line. Its outstanding features 
include stainless steel frame for minimum 
heat conduction from valve to regulatar head 
... large size 2-ply Sylphon bellows for added 
power ... less height and weight than other 
types. Self-operating—requires no auxiliary 
power source. Particularly suited for storage 
water heaters, metal plating tanks, bottle 
washers, treaters, slashers, etc. 


Find out about the advantages of No. 999, 
or of other Sylphon Regulators, for maintain- 
ing constant processing control temperature. 
Write for Catalog EE-A. 


yFULTON SYLPHOR 


ROBERTSHAW FULTON CONTROLS CO,., KNOXVILLE 4, TENN, 


Canadian Representatives, Darling Brothers, Montreal 
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IS THIS THE 


1. Electromax controlling low-temperature oven 
for drying collapsible tubes. 

2. Salt pots operate at 400 F under Electromax 
control. 

3. Electromax controlled oven for annealing TV 
tubes. 

4. Mounted on injection-molding machine, Elec- 
tromax controller withstands vibration. 


[nexpencive Elvetronie Controller, 


YOU'VE BEEN LOOKING FOR? 


e« For many processes and 

operations where close tem- 

perature control has long 

seemed impractical, this 

Electromax instrument is 

the answer. It is “made to 
order”’ for places where a temperature record is 
not warranted. It is ideally suited for rugged 
process conditions. With Electromax you can 
afford the advantages of quality automatic 
temperature control for virtually every process 
with temperatures to 1000 F. 

Initially inexpensive, this instrument is also 
economical to operate. It requires surprisingly 
little maintenance because it has only one part 
that moves—-a hermetically sealed plug-in- 
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relay. When new vacuum tubes are needed, 
they can be obtained at any radio store. 


Electromax completely integrated control 
system includes the right combination of: 


1. A highly sensitive, long-lived THERM- 
OHM primary element for detecting the proc- 
ess temperature. 


2. ELECTROMAX SIGNALLING CON- 
TROLLER which indicates the temperature 
and automatically operates . . . 


3. The CONTROL DEVICE required by 
the furnace, oven or other process equipment. 
This device may be a relay, contactor, 
solenoid-operated valve, motor-operated 
valve, air-operated valve, etc. 


For further information about this controller 
write 4955 Stenton Ave. or contact our nearest 
office. 


New 20 page Electromax 
catalog free upon request. 


Lah 
teeps |N NorTHRUP 


instruments Hell automatic controls « furnaces 












































Pre-check with 
Consolidated Instrumentation 


Wuat happens to structural members and car-body com- 
ponents when freight cars are subjected to the shock impacts 
and buffeting of hump-yard switching? 

To determine stress distribution and to evaluate the effec- 
tiveness of shock protection devices, the Pullman-Standard 
Car Manufacturing Company selected a Consolidated 5-114 
Recording Oscillograph, System D Amplifiers, and Bridge 
Balance as basic recording instruments. 

Freight cars, loaded with sand and steel blocks at gross 
weights ranging from 46,400 pounds (empty) to 164,000 
pounds (fully loaded) crashed together 185 times at speeds 
up to 10 miles per hour. 

In this way the dynamics of simultaneous shocks, some as 
brief as one five-thousandth of a second, were permanently 
recorded in visual form. From such data will come design 
changes, giving protection against shock and vibration dam- 
én, age. Thus an improved product is achieved. 

/ 


Consolidated Engineering 


CORPORATION 


300 North Sierra Madre Villa, Pasadena 15, California instruments factured by Consolidated. Variations in the arrange- 
' f j ment of the equipment are infinite. Applications are 

: =n or science widely varied throughout industry and the sciences. 
Sales and Service through CEC INSTRUMENTS, INC., 1 j / A typical recording system includes pickups, amplifiers 
a subsidiary with offices in: Pasadena, New York, Chicago, Qua ustry or bridge balances, and a recording oscillograph. 


Washington, D. C., Philadelphia, Dayton. Write for Bulletin CEC 1SO00B-X6 


Dynamic Recording Systems 


analytical such as the one shown here are designed and manu- 
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At One-Third the Cost 


Nearly a thousand of these contacts will fit in 
a thimble, 
depends on their uniform performance over a 


vet the accuracy of a gasoline gauge 


life measured in millions of evecles. 


The instrument is designed so that the varying 
width of the contact gap controls the gauge. 
Asa result, the contact gap is extremely critical. 
Once the gauge ts calibrated, the contacts must 
retain their shape They 
resist’ the peening effect: of high frequency 
operation. They withstand the pitting 
and erosion of arcing and 
still with 
light pressure. 


precisely, have to 


must 
almost continuous 
contact” resistance 


maintain low 


‘or this kind of an application, platinum and 
For this kind of lieat lat ! 
platinum alloys would seem to be the logical 


choice. ‘There is just’ one drawback .. . the 


ixpec i more... 


Get more from MALLOR 


This is where Mallory’s experience in 
contact engineering was able to save the manu- 


cost. 


facturer two-thirds of his previous cost. 

Through metallurgica! Mallory 
creates new materials by combining the desir- 
able characteristics of several metals. One of 
these materials is Elkonium 17, a silver-nickel- 
cadmium alloy which had the required charac- 
Ceristics ... 


techniques, 


at a fraction of the cost. 

Other Mallory contact materials will meet the 
requirements of virtually any electrical contact 
application. Whether your problem involves 
simple button or rivet contacts—or a complex 
assembly —take of the 
our engineers have accumulated in the develop- 
ment of over 5000 different types of contacts 
and contact assemblies. Call us today ... 
your production costs tomorrow, 


advantage experience 


low er 


PR MALLORY &CO 


In Canada, made and sold by Johnson Matthey and Mallory, Lid., 110 Industry Street, Toronto 15, Ontario 


Electrical Contacts and Contact Assemblies 


Y 
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P_R.MALLORY & CO. Inc 


MALLORY & 
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INDIANA POLES. 6, 


SERVING INDUSTRY WITH THESE PRODUCTS: 
Electromechanical — Resistors * Switches * Television Tuners * Vibrators 
Electrochemical—Capacitors « Rectifiers * Mercury Dry Batteries 
Metallurgical —Contacts* Special Metals and Ceramics ® Welding Materials 


INDIANA 











MARK 


“DOUBLE SEATED 
DIAPHRAGM CONTROL VALVES 


Calling a spade a spade you've got a “royal flush” of features 
in these new Valves designed for use with control instruments. 


Their “Flow-Line” Contoured Bodies have ISA standard face-to-face 
dimensions and high capacity, low turbulence and minimum body pressure 
drop characteristics. 


A new type, top and bottom guided construction is self-aligning and non- 
binding regardless of uneveness of bolt tightening. 


Standard, integral stellited seating surfaces are recommended for steam 
service to reduce seat ring thread corrosion. Renewable, interchangeable 
seat rings also furnished where desired and may be easily replaced 
without removing valve body from the line. Elaborate grinding at high 
ratures is letely eliminated. 
temperatures is completely eliminated : siti 
. , : . Class DY 
With these Valves, you get as standard equipment, features heretofore only Double aan Diaphragm 
obtainable in expensive, specially designed valves. Control Valve 


Look for LESLIE REGULATORS under ‘Valves or ‘Regulators’ in your classified telephone 
directory in the following cities where LESLIE factory trained engineers are located: 


Albany, N. Y. Chicago, lil. Galveston, Tex. amie Tenn. Orlando, Fla. Salt Lake etl 

Albuquerque, N. M. Cincinnati, Ohio Greenville, S.C. Miami Springs, Fla. Philadelphia, Pa, San Francisco, Calif, 
WRITE FOR Bulletin 513 Atlanta, Ga. Cleveland, Ohio Houston, Texas Milwoukee, Wis. Pittsburgh, Pa. Seattie, Wash. 
Baltimore, Md. Dallas, Texas Indianapolis, Ind. Mi polis, Minn, Ponca City, Okla. St. Louis, Mo. 
Beaumont, Tex. Denver, Colo. Kansas City, Mo. Mobile, Alo. Providence, R. 1. Syracuse, N. Y. 
ESTABLISHED 1900 Birmingham, Ala. Des Moines, la. Kingsport, Tenn. | Monroe, La. Richmond, Va. Tucson, Ariz. 


Boston, Mass. Detroit, Mich. Los Angeles, Callf. New Orleans, la. Rochester,N. Y. Wilkes-Barre, Pa. 
Bridgeport, Conn. El Paso, Tex. Louisville, Ky. New York, N.Y. Rutherford, N. J. Wilmington, Calif. 
Buffalo, N. Y. Youngstown, Ohio 








Bruxelles-Forest, Belgium 
Montreal, Que., Can. « Ottawa, Ont., Can. ¢ Toronto, Ont., Can. ¢ Vancouver, B. C., Can. ¢ Welland, Ont., Can. 


299 Grant Avenue, Lynahurst, New Jersey 


PRESSURE REDUCING VALVES e PRESSURE CONTROLLERS 
FLOATLESS LEVEL CONTROLS PUMP GOVERNORS * TEMPERATURE REGULATORS 
SELF CLEANING STRAINERS AIR HORNS * STEAM WHISTLES 
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SPECIFICATIONS 


Temperature Ranges: From minus 60° to 1000” F. 

Dial Sizes: 342” and 5”. Graduations over full 

270° arc. 

Case: Aluminum alloy with smooth, black enamel 

instrument finish. 

Cezel: Screwed to case. 

Front: Heavy plate glass set in channeled gasket 
hermetically seals the case. 

Pointer: Adjustable type attached with set screw; 

easy to get at for setting. 

Connection: Fixed, 2” N.P.T. 

Separable Sockets: Available for use in closed 

systems or where the measured medium is cor 

rosive to the stainless steel stem. Fit over ail 

standard stem lengths except 242”. 








— & 


AMERICAN |. 


“TOPS” 


IN ITS CLASS 


AMERICAN BI-METAL 
DIAL THERMOMETER 


Accurate “fon the spot” temperature readings are easy — even 
from a distance — when you use the American Bi-Metal Dial 
Thermometer. Installations in refineries, chemical and other 
process plants, and power stations have proved it ideal for 
locations where other types would not be nearly so practical. 
Furthermore, the cost is low compared to that of a distant 
reading thermometer. 
Aside from precision manufacture and guaranteed accuracy 
within 1% of the scale range, the American Bi-Metal Dial 
Thermometer gives you these outstanding construction 
features: 
POINTER ‘‘FLUTTER’’ PREVENTED by the use of a dampening 
fluid in the fixed stem which also houses the highly sensitive 
bi-metal element. 
STAINLESS STEEL STEM WELDED AT BOTH ENDS. Prevents 
processing media from entering the case. Corrosion-resistant 
-—helps prolong the life of the instrument. 
CASE HERMETICALLY SEALED. In extensive laboratory and 
field tests, submersion, hot blasts, severe mechanical and 
thermal shocks, dust, hot gases and long exposure to the 
elements could not impair the accuracy of this rugged 
thermometer or destroy the hermetic seal. 


For the best solution to your ‘on the spot” temperature reading 
problems, choose accurate American Bi-Metal Dial Ther- 
mometers. Installation is easy, fast and economical — only a 
1%” or 34” N.P.T. tapped hole is required, Bulletin 144 con- 
tains complete details. 

LONG EXPERIENCE with the requirements of industry in his area 
makes your Distributor fully qualified to give you expert counsel 
and to make quick deliveries from warehouse stocks. Make use 
of his many money-saving services. 


® 
- 4 


_ Ane A product of MANNING, MAXWELL & MOORE, INC. srtratrorp, CONNECTICUT 
MAKERS OF ‘AMERICAN’ INDUSTRIAL INSTRUMENTS, ‘HANCOCK’ VALVES, ‘ASHCROFT’ GAUGES, ‘CONSOLIDATED’ 
SAFETY AND RELIEF VALVES. BUILDERS OF “SHAW-BOX" AND ‘LOAD LIFTER’ CRANES, ‘BUDGIT’ AND 
‘LOAD LIFTER’ HOISTS AND OTHER LIFTING SPECIALTIES. 
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DP-5 — 


Hermetically sealed. Window: 1144” x 1%”. Hermetically sealed. Window: 9/16” x 3/8”. 
600 microamperes at 100 foot-candles illumi- 50 microamperes at 100 foot-candles illumina- 
nation. Corrosion-resistant finish. Threaded tion. Terminals fit standard crystal mounting 
terminals. base. Supplied with corrosion-resistant finish. 


STANDARD UNMOUNTED PHOTO-ELECTRIC CELLS 


eeoem 


Al5 A110 AS5 85 82 
2” diam. 1%” diam. 1%” diam. 1-11/16” x 7/8” 1-7/16” x 41/64” 23/32” x 7/16” 
750 microamperes® 500 microamperes® 250 microamperes*® 340 microamperes* 220 microamperes* 75 microamperes*® 


* At 100 foot-candles illumination and 100 ohms external resistance. 


INTERNATIONAL RECTIFIER 


General Offices: 1521 E. Grand Ave., El Segundo, Calif. * Phone: El Segundo 1890 
Chicago Branch Office: 205 West Wucker Drive @ Phone: Feranklin 22-3889 
New York Branch Office: 12 West 32nd Street, N. Y¥.1.0¢ Phone: Chickering 4-0017 


March 1953—Instruments—Page 335 








DISCHARGE 
PORT 











DISCHARGE 


S2UUTHIUUNIVOUUUNSUULUUEOOAAOUAEAAAOUALUUAL AERA 


No oil filters. 
No dust filters. 


No internal lubrication to 
contaminate air handled. 


No internal wearing parts. 
No valves, pistons, or vanes. 
Non-pulsating pressure. 


Original performance constant 
over a long pump life. 


Low maintenance cost. 
S;INUNIOU4V0NUA1U04ONHONLEONEEOGOUINE AOUHHEALOOUAYEOUNOEUGEUNOEUHOUOORNHOOUAEOUOVONSUULBL 


You can dispense with oil filters and dust filters when 
you install ®Nash® Clean Air Compressors. You can save 
the cost of maintaining these devices. You can greatly 
reduce instrument maintenance costs. For the Nash em- 
ploys no internal lubrication, therefore no troublesome 
oil is in the delivered air. Moreover, air from a Nash 
is thoroughly washed and cooled as it passes thru the 
pump. Dust in the plant atmosphere, even fly ash, is im- 
mediately removed. 

®Nash® Clean Air Compressors are simple, with only 
one moving element. No valves, gears, pistons, sliding 
vanes, or other enemies of long life and constant perform- 
ance complicate a Nash. No aftercoclers are needed. You 
will find it profitable to investigate these pumps, now. 


NAS ENGINEERING COMPANY 
370 WILSON, SO. NORWALK, CONN. 
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_ | CT] 8 
electronic flow meter! 


ee 


continuous integration 
—no creep at zero 








unaffected by normal 
voltage, frequency and 
temperature changes 





electronic operation 
provides high speed 
and greater accuracy 


3 to-1 range calibration 
at recorder 


HAYS Electronic Flow Meter pena Contain anid 


Verifiow Meters ond Veritrol 


Since the circuit is of the electronic null-balance type, it is unaffected ee ae 
é y A -ombustion Test Sets » CO, Recorders 

by normal voltage and frequency variations. Also, neither temperature Electromic Oxygen Recorders 
variations nor reasonable length of transmission lines affect the cali- ee a 
bration of the instrument. Minioivie Remote Indicators 

The pen-drive motor is built for reversing duty. Normal variations 
in voltage and frequency have no noticeable effect on its operation. 

The integrator is continuous in operation and simple in mechanical 
construction. A micrometer zero adjustment for calibration is easily 
accessible. 

Indicators can be calibrated to read directly in rate-of-flow or other 
factors as desired. co RATION 

Write today for full information on the Hays Electronic Flow Meter 
Bulletin 52-1074-222. MICHIGAN CITY 8 INDIANA 
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WHAT'S NEW AT BRISTOL . « « »« WHAT'S NEW AT BRISTOL... . 





New Bristol Series 650 


PNEUMATIC — 


t 


TRANSMITTERS 


for use with Bristol Miniature Recorders, Indicators, and Controllers 


---give you these new advantages 


@ THEY USE BRISTOL WORLD-FAMOUS MEASURING ELEMENTS—the measuring 
elements with wide-angle travel for positive action. These are the same standard 
Bristol measuring elements that are used in Bristol Recording and Controlling 
Instruments. They are the result of over 60 years of experience in instrument mak- 
ing and application in practically every industry. Bristol measuring elements are 
recognized the world over for their accuracy, simplicity, and reliability. There are 
no better measuring elements made than Bristol measuring elements. 


@ TRANSMITTING UNITS PROVEN TO BE ABSOLUTELY RELIABLE AND TROUBLE- 
FREE. They are very sensitive to extremely small changes in the measured quantity, 
as little as 0.03% of range, including reversal. Superior control results from the use 
of a booster valve with output capacity of 3.0 scfm. 


@ SIMPLE TRANSMITTING MECHANISM—frictionless operation—only one pivot 
and no flexures—will operate in any position—is weatherproof and can be installed 
in any location, pipe-saddle or surface mounting. 


@ AVAILABLE IN A WIDE SELECTION OF RANGES: Pressure (0 to 5” water to 
0—10,000 psi), vacuum (0 to 5” water to full vacuum), temperature (—100° F. to 
1000° F.), liquid level (0 to 5” water and up), flow (mercury manometer, bell type, 
and Barton meter bodies), and differential pressure (0 to 2.0” water to 0Q—500” 
water ). Suppressed ranges available. Over-range is standard, up to 500% for some 
ranges. Write for free bulletin No. Al05. The Bristol Company, 113 Bristol Rd., 
Waterbury 20, Connecticut. 3.11A 


non =aeaorm 7 | | 
—— oo oo —* weet ae wee 74% NEW 
c 100K FOR OUTSTAND Srl. iar 
tay QPIENTS FROM BRISTT™ 
DEN ELOI ‘ wi -—-—_— nl 
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ror 
AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENT 


7 
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WHAT'S NEW AT 





INDICATING DIAL GAUGE 
to show output pressure 
can be screwed on front of 
transmitter. No piping or 
fittings needed. It is only 
necessary fo remove a 
pipe plug and screw the 
gauge into the transmitter. 


PRESSURE TRANSMITTER 
cover removed. Note sim- 
plicity of measuring ele- 
ment construction. 





| 


EPOSTSOF_INDUSTRY 
EEEEEEEEEEEEEEEEE CECE SS 


i | | 
| | 


THE DEPENDAB 
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DEPENDABLE ELECTRICAL CONTROL 





® Today, more Ohmite rheostats are being purchased than 
all other makes combined. There’s a reason for this overwhelm- 
ing preference. Ohmite rheostats are smoother to operate. Their 
metal-graphite brush glides smoothly over the winding. And 
Ohmite rheostats last longer. Their all-ceramic and metal con- 
struction . . . windings permanently locked in place by vitreous 
enamel . . . wear-resistant bearings... mean extra years of 
trouble-free performance. 


Write on company letterhead for complete catalog. 


Ohmite rheostats are Ohmite Manufacturing Company 


stocked in ten sizes — 4887 Flournoy St., Chicago 44, Illinois 
25 to 1000 watts. Also 


many special types ® 
promptly made to order, 


e 
Q SUat w WIRE-WOUND RHEOSTATS AND RESISTORS 





must have a Superior Relay 


you get it in the 


P-4 PNEUMATROL 


Pneumatic Controller 


TO NOZZLE 








VALVE SPRING 








LOWER VALVE SEAT 
{NOT REMOVABLE) 


HOW IT WORKS: When flapper is moved against nozzle by measuring system, pressure 
increases on top of large diaphragm. Floating exhaust seat moves downward pushing 
lower or inlet valve open increasing pressure in output circuit and under small dia- 
phragm until balance of forces closes the valve. Conversely when nozzle is vented, the 
diaphragm system moves upward to open exhaust valve, reducing pressure in output 


circuit until equilibrium is again established. 


The F&P FLOWRATOR meter was 
the first flow rate meter generally 
available to exhibit instantaneous 
response to flow rate change, leading 
to control problems that have been 
presented by current mechanical dif- 
ferential type flow transmitters. 

Rapid response of the control valve 
is essential for stable control in a sys- 
tem which changes rapidly. Since the 
control valve action depends upon 
the capacity of the relay supplying it 
with air, the requirement for a high 
capacity stable relay required solu- 
tion. Consequently, the P-4 relay has 
been designed to be extremely fast 
without impairing its basic sensitivity 
due to hydrostatic unbalance. The 
P-4 relay utilizes tandem slack dia- 
phragms which provide the multiple 
requirements of high capacity, low air 
consumption “on control”, and free- 
dom from all dead zone. Write now 
for Catalog C-50. 


FISCHER & PORTER CO. 


1330 County Line Road, Hatboro, Penna. 


9 POSITIVE BENEFITS 


Versetility—one relay fits transmitter 
and all case and point 
ment controllers 


Integral unit—permits fool-proof con- 
struction without tubing connec- 
tions. 

High capacity — essential for best in 
flow control. 

Rated capacity—2 cfm @ 1 psi drop. 
Capacity fully usable—transfer switch 
ports and connectors match relay 
high capacity. 

High force — friction ratio — large dia- 
phragm area produces maximum 
sensitivity. 

Amplification—4: 1 pressure multipli- 
cation of tandem diaphragms per- 
mits low nozzle pressure, low reac- 
tion pilot system. 

Protected Pilot—integral filter assem- 
bly features stainless steel restric- 
tion and nozzle. 


Non-bleed—no dead zone assured by 
tandem diaphragm and floating ex- 
haust seat construction. 

Materials — aluminum die cast body 
with brass insert, neoprene dia- 
ph-agms. Trim, springs and screws 
of stainless steel. 
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.-- Let Taylor 


Perhaps we've been hiding our light 

under a bushel. Over a period of 20 

years we have developed and per- 
line fected volumetric load measuring 
elements which have been utilized 
almost exclusively in the paper industry. They've been 
used, in indicating, recording and controlling form, 
to measure calender stack pressures, paper machine 
press section pressures, beater roll pressures, Jordan 
plug pressures, etc. There are many applications through- 
out industry where they can be used to measure ten- 
sion on conveyor belts, thrust on bearings, forces 
applied by pneumatic or hydraulic cylinders, weight 
of solids or liquids in tanks, and force applied to test- 
ing apparatus. 
The instrument comprises a measuring element, made of 
hardened alloy steel, connected to a Bourdon spring 
in an indicating, recording or controlling instrument 
by means of a mercury filled capillary tubing in lengths 


up to 200 ft. The measuring element is installed in the 
direct line of force, so as to be independent of friction 
or other factors which would affect accuracy of meas- 
urement. Most recent developments afford a wide 
variety of ranges, greater range suppression, greater 
over-range protection, and greater energy for posi- 
tioning the pen or actuating a control mechanism. 
While applications shown below all illustrate compres- 
sion load measurement, tension loads also can be 
handled with a maximum load not to exceed 30,000 
pounds. 

There are many more logical applications for these highly 
accurate and sensitive instruments. What is your problem. 
Call your Taylor Field Engineer, or write Taylor In- 
strument Companies, Rochester, N. Y., and Toronto, 
Canada. 

. ° ° 
Instruments for indicating, recording and controlling temperature, 
bressure, flow, liquid level, speed, density, load and humidity. 


TAYLOR INSTRUMENTS MEAN ACCURACY FIRST 





To accurately measure the weight of 


chlorine in tanks. 


INSULATION 
\ 





STR STEEL PLATE 


Spool type Load Measuring Element. 


Range limits: 0- 250,000 Ibs. for com- 
pression loads, maximum load not to 
exceed 400,000 Ibs. Applicable to 
horizontal or vertical tanks, contain- 
ing corrosives or solids, making con- 
ventional level measuring devices im- 
practical. Tension loads 0-30,000 Ibs. 


To accurately measure processing pressure in 
paper stock beater. 


Jaylor BEATER ROLL 


PRESSURE RECORDER 


Ring type Load Measuring Element. 


Range limits: 0-20,000 Ibs., maximum load 
not to exceed 20,000 pounds—compression 
only. Similar to diaphragm type, but with 
hole through center of element for load- 
screw or shaft. Another application is the 
measurement and control of Jordan plug 
pressure. 
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Spool type Volumetric Load Element indicating direct weight of chlorine in tanks (0 to 80,000 pounds) 
8 g 
at Niagara Falls, N. Y., plant of Niagara Alkali Company 








To accurately measure squeeze roll pressures on 
textile slashers. 








VOLUMETRIC 
: LOAD 
ELEMENT 








Diaphragm type Load Measuring Element. 


Range limits: 0-5,000 Ibs. maximum load not to 
exceed 6250 Ibs. Compound ranges, tension— 
0—compression also available. Applicable to 
measure roll or nip pressures in calender stacks, 
press section and many other finishing operations 
involving processing of material between rolls. 





To measure film tension within very close limits as 
a measure of “gain” or percentage of stretch. 


A - FORCE 
ANSAI 
=o BEARING 
BLOCK 


LOAD 
Je ; ELEMENT 


SUPPLY \ 
gi RECEIVER 
GAGE 


Volumetric Load Measuring Element. 


Range limits: 0-300 Ibs. in range spans as short as 
30 Ibs. Used in conjunction with a TRANSAIRE” 
Pressure Transmitter which gives an output pres- 
sure proportional to the force applied. Applic- 
able to film, paper, yarn or similar tension meas- 
uring requirements. 


*Reg. U. S. Pat. Off 
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In Masoneilan Control Valves 
the PLUS Quality Factor is 


Precise Uniformity 


of Replacement Parts 


Concentricity maintained within 
+.0005” at points indicated in- 
sures accurate fit and perfect 
alignment. 





When you buy parts for replacement you have a right to expect 
to be able to install them without recourse to a machine shop for 
custom fitting. And when you use Masoneilan Control Valves you 
get parts that fit. For Mason-Neilan precision methods, using 
specially designed tools and gauges, plus rigorous inspection 
eliminate this maintenance man’s headache and reduce costly 
time out of service. 

Note the points where precise uniformity means accurate fit 
and alignment. By maintaining concentricity within very narrow 
limits at these points Mason-Neilan makes certain not only that 
the valve you buy will be in perfect alignment but that any parts 
you may install later will also be in perfect alignment. 

This uniformity is checked during processing and assembly — 
and replacement parts are rechecked in master bodies before 
shipment. Moreover, these parts are covered with a plastic coat- 
ing to insure that the finish will be protected from damage and 
corrosion during shipment or storage. 

This PLUS quality factor, added to the other outstanding qual- 
ities of Masoneilan Control Valves, offers you valves that cost 

less — and cost not price is the 
valid comparison among similarly 
priced valves. 


GEGEN) 


MASON-NEILAN 
REGULATOR CO. 


1210 ADAMS STREET, BOSTON 24, MASS., U.S.A. 




















5 [AHIGH PRODUCT 


Sales Offices or Distributors in the Following Cities; New York * Syracuse * Chicago « St. Louis * Tulsa 
Philadelphia * Houston ¢ Pittsburgh « Atlanta ¢ Cleveland ¢ Cincinnati *« Detroit * San Francisco « Boise 
Louisville * Salt Lake City « El Paso * Albuquerque ¢ Charlotte « Los Angeles * Corpus Christi * Denver 
Appleton * Birmingham « New Orleans * Mason-Neilan Regulator Co., Ltd., Montreal and Toronto 
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Instruments. 
that complement the high quality 
of fine electronic equipment 


Available in all the types, sizes, and ranges for all 
electronic and electrical built-in requirements . . . 
including approved ruggedized panel instruments. 
Complete literature on request . . . WESTON 
Electrical Instrument Corporation, 614 Frelinghuysen 


Avenue, Newark 5, New Jersey. 


> . on 1 
E5ED) 


ESPANEL INSTR 
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Ahe-spot 
cheeking.-- 


INVESTIGATE THESE 
WIDELY -USED TEST SETS 


, c 4 t. 
In appeorance, the 8657-C | ; asia ele eye 
indicator is typical of L&N fy High on any list of —_ Breage pone Sat 
Sonn ior ‘aly ener on PON Test Sets For these versatile 
outstanding for fully depen- | | are these L&N Test sem: tability ruggedness sis ib Riaihas Hectaiadiee 
The ponbie sores cvo in pene ren gee as e" ‘ded for plant use, ; —Direct Reading in degrees, 
The portable series also in- | pone simplicity of design neede . — Diet Reading in degrees, 
cludes instruments for meas- [24 with the accuracy and flexibi his compact insrument on 
uring temperature, electro- | 4 . in the laboratory. ables sere to measure the 
lytic conductivity, electrical |) use in u : ‘ust a few of these instru- . = oe ee 
oe — Specifications for jus ne hneae a ate 
eel at onts that are particularly usefu lmaet 
Industry appear below. For more — whol 
sormation: contact our nearest office © 


sla > 
4955 Stenton Ave., Phila., Penna. 


lity necessary for 


FOR THERMOCOUPLE EMF MEASUREMENT 


Instrument List No. 








Limit of Error 





Double-Range Milli Indicator. For plant use 
For thern ple v 19e measurement reads in millivolts 


manual reference ji mpensatior 




















w Range 

For Laboratory use my ewir + ] z 

A more precise instrument for uses similar to 8657-« , é r r r : H R esi 
P yh Range 


Double-Range Portable Millivolt Indicator 











+0.05 mv. 














FOR pH AND REDOX MEASUREMENT 








direct reading in pH; also for 

redox measurements. May » used in grounded or ungrounded 
tions 

For 115-volt 6 1 5SO 


Portable, Battery operated Mox 


1 scale 
tty : ay att division 




















FOR TEMPERATURE MEASUREMENT 





Instrument Type List No. Range Scales 





Optical Pyrometer rect-Reading for Molten Meta 
For checking temperatures of molten iron, | Temperatures (Non Black-Body con , occ ce sess .1400 to 3200 F | Two: 1400 to 2250 F 
steel, etc ditions — emissivity of 0.4) . 1950 to 3200 F 








emperatures of flue linings, ‘ea - Black-Body  ¢ 2 oe 1400 to Two: 1400 to 2250 F 
4 = 1950 to 3200 F 
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Editorial 


On Keeping Abreast 


M* Ronald Ives of New York, who is known to our 
readers as the author of several articles, writes that: 

“The shortage of competent instrument technicians in 
this area continues; and may very well get much worse in 
the coming year. One very disconcerting feature of this 
shortage is the unwillingness of some of the older techni- 
cians, of unquestioned competence as of about 1940, to keep 
up to date, and to learn the newer techniques which have 
been developed since.” 

Which brings up the subject of how a man should keep 
abreast of developments and new techniques in these times 
of rapid change. 

Instrumentation is basic to most technical fields of en- 
deavor. Every instrument that becomes commercially avail- 
able today is the solution to somebody’s problem in some 
plant, laboratory, or institution. Furthermore, every new 
instrument might be the solution to a future production, 
research or development problem. Hence the first order of 
business in keeping abreast of the technical times is to note 
carefully the new instruments that become available com- 
mercially. It is for this reason that Instruments has from 
its first issue in January 1928 reported all new instruments 
available commercially. 

Secondly, most commercially available developments occur 
in the laboratories and plants of the instrument manufac- 
turers. As soon as manufacturers develop or use a new 
principle of measurement or a new technique for control, 
they publicize it by advertisements and literature—catalogs 
and bulletins. The ads are there to be looked at; the litera- 
ture is available with no more effort than writing down a 
number on a postage-free card. If any reader of Instruments 
is not using this source of beautifully illustrated, well writ- 
ten literature on his field of endeavor, he is overlooking an 
easy and effective way of keeping abreast of the times. 

Thirdly, the technical articles in magazines should be 
read. We recognize that the product of the number of maga- 
zines by the number of articles in each magazine yields a 
total number of articles too large to be read by any one man. 
However, the man should select the articles of importance 
to him—and read them carefully. 

It is appropriate at this time in this discussion to empha- 
size a few facts about technical articles. Many articles in 
many magazines are simply advertisements of some indi- 
vidual company. Unfortunately, there is no recognized cri- 
terion for a “quality factor,” or Q, for a technical article. 
Such a factor should include (1) subject matter, including 
breadth of coverage, (2) organization, (3) sentence struc- 
ture, (4) readability, and (5) communicability, on which 
rests the effectiveness of thought transfer from writer to 
reader. We believe that the articles in Instruments are 
outstanding in these respects. They cover important and 
broad aspects of the field; they never are a shallow adver- 
tisement; they are carefully edited for high communicabil- 
ity. Every reader owes it to himself—if he wishes to keep 
abreast of the field of Instrumentation—to study the articles 
of importance to him. 


Of course every technical worker should join technical 
societies in his field, attend exhibitions and conferences, 
read some of the technical books in his field, take an occa- 
sional formal course of education in his field, and partake 
of other activities of this sort. But these activities must be 
integrated into the work schedule, and only a few can be 


used by most men. Our major object in this editorial 
comment is to point out that (1) the reader has Instruments 
—if he is reading this, (2) the new-instrument reviews in 


Cannan 


this and every issue are the most complete and extensive 
review service available in this country, (3) the literature 
reviews are not only complete but indexed for easy refer- 
ence and procurement, and (4) the technical articles have 
“high Q” and can teach a lot on a lot of subjects. Thus the 
reader owes it to himself to do more than glance at this 
issue. Study it and keep abreast of the dynamic field of 
Instrumentation. 


Operations Research 

PERATIONS RESEARCH is a new field which has 

to do with scientific methods of providing executive 
departments with a quantitative basis for decisions involv- 
ing the operation under their control. The implications of 
this new field are large indeed for the entire field of in- 
strumentation. In simple words, operations research refers 
to the application of all existing techniques to produce 
better results with existing operating equipment. The major 
problem is the finding of the optimum—the region in which 
the most results can be obtained with the least effort. 

The military made first use of operations research during 
the war for problems in countermeasures, gunnery, bom- 
bardment, etc. An important phase of the solution is the 
development of the theoretical background of the problem, 
which often includes statistical analysis. However, the 
mathematical background is not necessary to a practical 
solution of many existing problems because the applica- 
bility of existing instruments is so tremendous that there 
is hardly any field in which some effort cannot produce 
results. 

In the general field of instrumentation, operations re- 
search can be said to be the single factor of greatest im- 
portance to the chief instrument engineer or to the chief 
instrument man in any organization. He is a man who 
knows the operation or process and also the instruments 
that can measure and control the operation for maximum 
efficiency. 

Conversely, for the field of operations research, instru- 
mentation can be said to be the single factor of greatest 
importance to the man striving for optimum performance. 
Although operations research does not apply to instrumen- 
tation alone, the first function of a man who would achieve 
optimum operational efficiency is to find out how existing 
instruments can measure and control the critical factors of 
his system. 

Thus, once again, a field of technical endeavor finds that 
its foundation is solidly embedded in instrumentation. All 
workers in the field of operations research would do well 
to learn of the potentialities of modern instruments and 
to keep abreast of instrument developments. 


CORRECTIONS 

Two errors crept into the outstanding feature of our Jan- 
uary (Twenty-fifth Anniversary) issue, the Guest Editorials 
by forty-six distinguished readers: 

Page 34—RICHARD P. BROWN is Chairman of the 
Board, not President, and the correct name of the company 
is not Brown Instrument Company but Brown Instruments 
Division, Minneapolis-Honeywell Regulator Company. 

Page 37—The last sentence in R. L. GOETZENBERGER’s 
Guest Editorial should read: “Consequently the demand for 
products of instrument engineers, capable of reasoning 
from basic data, will increase not only for processing ap- 
plications but also for environmental control with regard 
for public health, sanitation, human comfort and safety.” 
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In this department we report each month new devices for measurement, inspection, testing, 
computing, metering and automatic control—in the form of concise technical descriptions. 


FOR FURTHER INFORMATION USE THE POSTAGE-FREE ORDER CARD ON PAGE 475 





Infrared Radiation- 
intensity Indicator 


New “Type DW-69 Infrared Me- 
ter,” first commercial instrument of 
its species, directly indicates radiant- 
flux density (irradiancy) in watts 


per square inch and has spectral 
sponse curve from 0.3 micron to 
microns with peak in near-infrared. 
Thus, it is not a radiation pyrometer, 
but is analogous to a light meter 
which directly indicates luminous-flux 
density (illumination) in foot-candles 
and has spectral response curve with 
peak in the visible. Like a pocket light 
meter, new instrument is batteryless, 
self-contained and ready-to-use. Its 
primary element is not a_ photocell 
but a tiny thermocouple; response 
time: several seconds; scale range: 
0 to 10 watts per sq. in.; applications: 
studies of paint-baking, drying, in- 
frared processing, etc.—M&l Dep't, 
General Electric Co., 45 Federal St., 
West Lynn 3, Maas. 
Mention No. 301 when filling out card. 


Temperature Standards 


New fixed-point standards for high- 
precision calibration of temperature- 
measuring instruments comprise low- 
inertia heaters and containers filled 
with high-purity salts or metals. Ther- 
mometer to be calibrated is inserted 
into molten metal; power is switched 
off; temperature drops, then remains 
stationary for several minutes at freez- 
ing point, allowing easy calibration to 
0.1 deg. and with care to 0.01 deg. Six 
points available: Glauber salts (32.38 
C.), metallic sodium (97.77 C.), eutectic 
No. 1 (144.46 C.), tin (281.9 C.), lead 
(327.4 C.) and zine (419.5 C.). First 
three come in glass containers 10 in. 
high and 6 in. O.D. with 3/8-in. cen- 
tral well and heater wound directly on 
glass; last three in 8-in. deep graphite 
crucibles.—Weiller Instruments Corp., 
95 Broad St., New York 4, N. Y 

Mention No. 302 when filling out card. 
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Mass-flow-rate Indicator 


New “Mass Meter’ measures mass 
rate of flow of anything that will 
flow or fall through a pipe: gases, 
liquids, slurries, particles in an air 


GUIDE HOUSING 


TORQUE 


Ss FLOW-SENSING 
533 SC ELEMENT 


Fig. 1 
stream, etc., independently of tem- 
perature, pressure, viscosity, compres- 
sibility, volumetric flow-rate, or ex- 
ternal accelerations. Principle (Fig. 
1): measurement of torque required 
to give flowing mass a Coriolis acceler- 
ation, which torque depends only on 


533 


Fig. 2 


flowmeter dimensions, a_ rotational 
speed, and mass flow-rate. Since 
torque is recovered, motor need only 
supply bearing and seal friction and 
windage. Other designs than Fig. 1 
(vane) have been built: simplest is 
a curved tube rotating about a ver- 
tical axis (for material discharging 
into a bin). Fig. 2 shows a model for 
high-pressure liquids. Until standard- 
ization, meters are being custom- 
built.—Control Engineering Corp., 
Norwood 91, Mass. 

Mention No. 303 when filling out card. 


Flow Integrator 


New integrator for maker’s flow- 
rate instruments operates on 40 cps., 
thus enabling plants supplied with 
40-cps. power to use integrator for 
cost accounting, ete.—J/ndustrial Div., 
Minneapolis-Honeywell Regulator Co., 
Philadelphia 44, Pa. 

Mention No. 304 when filling out card. 


Small-target Radiation 
Pyrometer Receiver 


New “No. 8891-C Rayotube” is for 
rapid measurement of temperatures 
of workpieces being heated in induc- 
tion coils. Mounted 4 inches from coil, 
it can focus on an opening as small as 
0.1 in. between turns. Housing can 
withstand surrounding air tempera- 
tures up to 350 F. When suddenly ex- 


posed to radiation of a workpiece, 
unit indicates 99 percent of true tem- 
perature within 0.6 second. If work- 
piece temperature is changing, in- 
dicated temperature lags 0.15 second 
behind that of workpiece. Optical sys- 
tem is hermetically sealed against 
dirt, dust and corrosive fumes. 
Leeds & Northrup Co., 4955 Stenton 
Ave., Philadelphia 44, Pa. 

Mention No. 305 when filling out card. 


Frequency-time and 
Frequency Counters 


New line of frequency-counting equip- 
ment is said to be the most complete 
available by reason of four new models 
designed to satisfy distinctly varying 
requirements: Simplified Frequency 
Counter “Models 820 and 830” are in- 
tended for rapid and accurate produc- 
tion test measurements, pressure and 
flow measurements with appropriate 
pickups, etc.; whereas universal Fre- 
quency-Time Counter “Models 840 and 
850” incorporate all flexible circuitry 
necessary to perform any known func- 
tion in counting, timing or frequency 
measurement. As compared with earlier 
versions, new models are greatly re- 
duced in size and weight, appreciably 
lower in price. For the first time a 
choice between two types of panel indi- 
cation is provided: either maker’s ex- 
clusive 1-2-4-8 decimal readout “for 
greatest dependability” or conventional 
ten-lamp 0 to 9 readout. A_ special 
bracket kit, used for rack mounting, 
permits access to counter on slides. II- 
lustrated is ‘Model 840” frequency- 
time counter which measures frequen- 
cies to 100 ke. and elapsed time with 
10-microsecond resolution.—Potter In- 
strument Co., Ine., 115 Cutter Mill 
Road, Great Neck, N.Y. 

Mention No. 306 when filling out card, 





Gas Analyzer for CO: 

New “Differential Thermco Ana- 
lyzer” is for measuring carbon dioxide 
in samples containing nitrogen, hydro- 
gen, methane, and varying amounts 
of other common gases; is portable; 
can be set up within one minute. It 
uses thermal conductivity method with 


differential type cell: measurement 
made before and after passing through 
a CO. absorber. Instrument can be 
zeroed while in operation. Readings 
are completed within 45 seconds, Ac- 
curacy is 1 percent.—Thermco In- 
strument Engineering Service, John- 
son Road, Michigan City, Indiana. 


Mention No. 307 when filling out card. 


Liquid Density Indicator 
and Controller 

New “Princo Densitrol,” for con- 
tinuously indicating, recording, and 
or controlling density of flowing liq- 
uids, is available in various models, 
most basic of which offers sight read- 
ings of liquid density at pipeline 
point of sampling. Others provide 
continuous indication or recording at 
a distance from sampling chamber; 
others can be installed to control den- 
sity. Density-sensitive element is a 
totally-submerged plummet, fastened 
by chain of known weight to a fixed 
reference point (see sketch). Changes 
are translated through plummet core 
and electrical position-measuring de- 
vice. Any calibration can be furnished 
within limits 0.5 to 3.5 density or 
equivalent. Automatic temperature 
compensation is provided. Construc- 
tions are offered for operating tem- 
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The New 1953 EDITION of the 
WELCH CHART OF THE ATOMS 


as Revised by William F. Meggers of the U. S. Bureau of Standards 
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With 1952 International Chemical Society 
Atomic Weights 


Extensively Revised to Include— 
@ Comprehensive Tabulation of Isotopes 
@ The Latest Data on All 98 Elements 


@ The Most Recent Information About the 
Transuranic Elements Including Berkelium 
and Californium 


A comprehensive, 48-page, key booklet is furnished 
with each chart. It contains a brief discourse on the 
atom and the periodic law, a bibliography, a de- 
tailed explanation of the chart data, numerous tables 
and graphs, and a large black and white repro- 
duction of the chart. 


spe 4854, Chart of The Atoms, !953 Edition. With formed 
hart molding at top and bottom with eyel lets for 
jiare protective ating and key booklet. 


Each, $7.59 


Ne + Chart of The Atoms, 1953 Edition. Mounted on a 
r within a metal case uitable for permanent wall 


ated, and with key booklet. 


Each, $15.00 


jiare protective « 





W. M. WELCH SCIENTIFIC yea is 
DIVISION OF WM VELCH MANUFACTURING 


1515 SEDGWICK STREET, DEPT B CHICAGO 10, ILLINOIS. US A 
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From Alden’s Line of Ready-made Components 
for Unitized Plug-in Unit Construction: 


Miniature Sensing and Indicating 


“ve ALDEN 


PATENTS PENDING 


The new trend to unitized plug-in construction 
calls for tiny sensing and monitoring devices 
to act as “‘telltales’”’ when trouble occurs. De- 
vice must be rugged, yet take a minimum of 
panel space. Here are latest in Alden Series 
to meet this problem, 


LDEN ‘’PAN-i-LITE’’ 


Mounts in Quickly replace 
86L -348” hole bulb from front 


| of panel 


Bulb and Lens are 1 | 


pe. instantly replace- 
able with unbreakable 

spares. 

You can use this new tiny Alden Pan-i- 
Lite indicator where never before pos- 
sible. Easily serviced one-piece lens-bulb 
replaceable from front of panel. Mounts 
simply by pushing into .848” hole. Gives 
beautiful indication; glows like a red 
hot poker. Tiny spares can always be 
kept ready in kit or taped in recess of 
equipment. Available in 6V, 12V and 


28V, various colors. 


ALDEN ‘’FUSELITE’’ 


ute Gu0ws Spot trouble in- 
stantly. Neon 
indicator light 
in lens glows 
when fuse blows. 
One-piece mold- 
ed lens-and-indi- 
cator-lite un- 
screws from 
= front of panel. 
3/7 FH Ideal for mon- 
itoring power to each unitized circuit. 
Available for 28V, 110V and 250V. 


ALDEN TEST POINT JACK 


110 BCS 25/32 Behind Panel 
pe oe 
| 32 


Fits Anywhere 
Takes Up to 8,000V, 


Provides a quick front panel check 
point for any circuit voltages in your 
equipment. This tiny Jack fits .257” 
hole and takes only 25/32” behind panel. 
Beryllium copper contact withstands 
hundreds of insertions. Phenolic or ny- 
lon insulation, many colors. 


SEND FOR FREE SAMPLES 


also request free “Alden 
Handbook”, 226 pages of 
techniques and components 
to help you design your 
equipment for Unitized Plug- 
in Unit Construction. 


NAALOWRO Ta Prooucts Co. 


NG) a6, 


137 N. Main S$t., Brockton 64, Mass. 
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| NEW INSTRUMENTS 


| peratures up to 350 C. and for pres- 
sures up to 600 psi.—Dep’t 7, Preci- 
sion Thermometer & Instrument Co., 
1434 Brandywine St., Philadelphia 30, 
Pa. 

Mention No. 308 when filling out card. 





Pneumatic Transmitter 


New “Series 650” miniature pneu- 
matic transmitter weighs 7.5 lbs.; 
utilizes standard 3-15-psig. range for 
transmitting readings of temperature, 


pressure, etc., to recording, indicating, 
and controlling receivers. Friction and 
lost motion are said to be eliminated 
for all practical purposes and trans- 
mitter is sensitive to changes in meas- 
ured value of as little as 0.03 percent 
of range, including reversal. Pneu- 
matic relay has output capacity of 3.0 
scfm. New transmitter is weather- 
proof, can be installed in any loca- 
tion, will operate in any position.- 
The Bristol Company, Waterbury 20, 
Conn. 

Mention No. 309 when filling out card. 


Miniature Vertical-seale 
Panel Instruments 


New “Mindicators” are _ vertical- 
scale indicating instruments, designed 
for mounting on graphic or process 
control panel boards as receivers (3-15 
psig.), and as direct-reading thermo- 
meters and pressure and vacuum 
gages; are said to be unique in inter- 
changeability of all parts and complete 








assemblies. All units have 4-in. scale, 
yet require a panel opening of 5-3/8 
x 1-% in. for single units and 1-3/8 
in. additional width for each unit 
added to a multiple housing. Thus, 
a four-unit multiple requires a panel 
opening of 5-3/8 x 5-5/8 in.—The 
Dickson Co., 7420 Woodlawn Ave., 
Chicago 19, Jl. 
Mention No. 310 when filling out card. 


Recording-system Console 


New “Consolette” recording system 
has JAN rack and panel type a-c., 
d-c., or carrier amplifiers, combined 
with an oscillograph recorder. User 


can start with a 2-channel system 
and expand to 4 or 6 channels by ad- 
dition of recording galvanometers and 
amplifiers. Ink-writing galvanometers 
cover frequencies from d.c. to 300 eps. 
Chart paper speeds range from 0.1 
to 625 mm. per second.—Dep’t D, 
Edin Co., Inc., 307 Main St., Worces- 
ter 8, Mass. 
Mention No. 311 when filling out card. 


Preset Count Controllers 


New high-speed predetermined elec- 
tronic counters can serve as digital- 
type automatic controllers; employ an 
all-cold-cathode tube design (no 
warm-up time); produce output in- 
formation on large illuminated numer- 
als for direct panel readouts without 
any interpolations or additions for 
any digit; operate at any selected 
count for application to machines or 
processes requiring exact measure- 
ment and control of frequency, quan- 
tity, length, time, velocity and revolu- 
tion. They are available for single, 
dual or multiple sequencing. Maker’s 
“TT-1” tubes have a minimum service 
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Preset Counter PANALARM “50° PLUG- 
IN UNIT... hermetically 


New Preset Counter, using from two 
sealed and most versatile 


to six “Model 730” preset decimal count- 
ing units, is a high-speed (40,000 per 
second) electronic counter producing a 
+ 125 volt pulse or 1/30 second relay 
closure, and capable of three different 
operations: (1) In “Counter” position, 
a straightforward high-speed electronic 
counter. (2) In “Recycle” position, 
count to preset number, reset, give out- 
put information and continue to count 
without losing a single pulse. (3) In 
“Gate” position, count to preset num- 
ber, give output information and stop; 
can then be reset manually.—Berkeley 
Scientific Co., Div. Beckman Instru- 
ments., 2200 Wright Ave., Richmond, : 
Calif. | 
Mention No. 313 when filling out card. 


ever developed . . . sim- 
ply plugs into chassis to 
expand system ... no 
wiring .. . no other con- 
nections. Corrosion-proof 
and suitable for Class I, 
Div. 2 locations 


ter tube functions as a direct readout 

number, while predetermined counts 

are selected by dial switches on facing 

- ‘ ~ . 

function. Counter is able to reset auto- i 

matically and instantaneously without 

loss of a count. Recycling may be 4 

either manual or automatic. Circuitry 4 f e X l b l | ty t h 

5, N.Y. Te 

Mention No. 312 when filling out card. 1 | i S al mM e nl o 

sequence as required by present or future 
conditions. And, at the same time PAN- 
ALARM ‘'50"' introduces a new instrument- 


life expectancy of ten years. Operat- ’ 

ing control rates up to 15,000 per 

minute. Preset decimal counting de- ‘ 

cades are so designed that each coun- MA rN] N U rN] C Wie R 

panel. When predetermined number SYSTEMS 

has been registered, unit actuates a 4 

control relay to perform any given 

is independent of line voltage fluctua- 

tions and variations.—Haledy Elec- 

tronics Co., 57 William St., New York 
type” construction 
Built-in flexibility of PANALARM ‘'50"' al- 
laws simple change-over to any operating 
type annunciator construction . . . adding 
to the long-term dependability of the 

entire system. 





Electric Counter 


New electrically-actuated impulse 
counter is about 4 in. long, and mounts 
through a panel opening about 0.75 
in. high and 1.25 in. wide. Front 
panel of unit contains a 4-digit reg- 
ister and a zero-reset button. Any 
of seven different coils is available 
for impulse voltages between 4 and 60 
volts d.c. Maximum counting rate: 
10 impulses per sec. Units digit ad- 
vances half a unit when coil is en- 
ergized and completes its advance 
when coil is de-energized, so that its 
position indicates whether or not coil 
is energized.—Landis & as 45 W. 
45th St., New York 36, N. Y. 

Mention No. 314 when filling out card. 









CABINET is substantial 
gauge steel with sturdy chas- 
sis and sub-door arrange- 
ment. It is pre-wired ready 
for installation, yet com- 
pletely flexible without 
re-wiring. 


Electronic Counter 

and Chronograph 
New “Model 5558” of maker’s 
“Events-Per-Unit-Time Meter” counts 
events (mechanical, electrical or opti- 
cal occurrences that can be converted 














PANALARM ANNUNCIATOR SYSTEMS are self-con 

tained with either illuminated name-plates or bullseye 

visual signals. Both the audible signal and acknowl 

edgment bution are cemmon to the entire system 
, } 


/ 


/ 4 ) 


SEND FOR COMPLETE 40-PAGE MANUAL 


Ask for Catalog 100-1 


PANALARM PRODUCTS, INC. 


March 1953—I/nstruments—-Page 351 
6312 North Broadway, Chicage 40, Illinois 

















C-3 


methods manual 





The C-3 Methods Manual is dedicated to the urgency of the 
good workmanship that must accompany the assembly of 
quality cables and connectors. Each advocated procedure has 
passed stringent screening, not only by Amphenol’s engineers, 


but by other recognized experts in the electronic field. 





NEW INSTRUMENTS 


into changing voltages) occurring 
during a preset interval either regu- 
larly or with random distribution, at 
rates of 20 to 1,000,000 events per 
second, with an accuracy of one count. 
fesult is displayed on _ illuminated 
number panels of six “Decimal Count- 
ing Units’ and read directly in digital 
form.—Berkeley Scientific Div., Beck- 
man Instruments, Inc., 2200 Wright 
Ave., Richmond, Calif. 

Mention No. 315 when filling out card. 


Twenty-hour Electric Timer 


New “Model 2T-20 Two-Timer” has 
extra high rating (1650 watts) for 
use as an automatic time control at- 
tachment for electric heating pots, 
ovens, air conditioners and humidi- 
fiers, etc.; can be pre-set to turn on or 


$01 

off a properly rated device plugged 
into it at any time up to 20 hours 
(or fraction thereof) ahead.—Bristol 
Motor Div., Vocaline Company of 
America, Ine., 46 Coulter St., Old 
Saybrook, Conn. 

Mention No. 316 when filling out card. 


Controlled-Frequency Type 
Electronic Interval Timer 


New “Electronic Interval Timer” op- 
erates on 50-60-cycle, 90-130-volt a.e. 
(equally accurate on 1erican or for- 
eign power frequencies). Temperature- 
compensated tuning fork resonator, 
provides millisecond pulses to a series 
of cold-cathode-glow transfer counting 
tubes. Scale-of-ten counting tube is 
unique in that counting, transferring 
and indication for a scale-of-ten count 
are accomplished within it. s tube is 
constructed with a center circular 
anode and ten radially-located cathodes, 
and fitted with a bezel ring numbered 0 
to 9. Each pulse received by tube trans- 
fers conduction of tube to the follow- 
ing cathode and a bright red pointer- 
like glow appears between anode and 


| numbered cathode. At count of 10, a 


pulse is transferred to the following 
tube, and as many tubes as required 
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by the necessary range may be cascaded 
in series. At conclusion of timing pe- 
riod, all tubes may be reset to zero by 
a single contact push button switch. 
No estimating of reading is required 
and the 5-tube instrument illustrated 
is direct-reading to 99.999 seconds. Ac- 
curacy between 15 C. and 25 C, is 0.008 
percent or better. Instrument Labor- 
atory Service, 10701 Briggs Road, 
Cleveland 11, Ohio. 


Mention No. 317 when filling out card. 


Speed Recorders 


New “Series 81M” strip-chart speed 
recorders are General Electric “Type 
CF-5” modified for use with maker’s 
tachometer indicators and_ heads. 


Metron 


eH 


Eighteen ranges are available, in 
virtually any speed units, up to 30 
days on a single roll; chart speeds 1 
or 3 inches per hour.—Metron Instru- 
ment Co., 432 Lincoln St., Denver 9, 
Colo. 


Mention No. 318 when filling out card. 


Magnetic Impulse Counter 


New “Magnetic Impulse Counter” is 
an electromagnetic impulse-counting 
and storing device in the form of a 
specialized single-core dual-winding 
plural-armature relay. It performs 
counting and marking function of a 
chain of ten to twenty relays, or of a 
two-magnet ten-point stepping switch, 


423 


at lower cost in smaller space. Ten 
armatures, each controlling a MAKE set 
and a BREAK set of contacts, are oper- 
ated sequentially and once actuated are 
held in position by residual magnetism, 
so that no holding current is required. 


FIRST OF A SERIES: 


olmechahicns 


PTT ttt rt 


‘Oscillograph 


The Physical Setup: A servo-ampli- 
fier drives an electric motor which 
in turn operates a valve to control 
flow of fuel in an automatic fuel- 
regulating system. 

The Problem: To measure the time 
required for the valve to open, fol- 
lowing the application of a sharp 
pulse of voltage (step function) to 
the servo-amplifier. Full operation 
of the valve represents only 3° of 
rotary motion. 


The Solution: A light-weight arm 
attached to the valve-shaft sweeps 
a metal contact across the resistance 
strip which has a d-c voltage applied 
to it. The voltage between the con- 
tact and one end of the resistance 
strip is then directly proportional 
to valve position. This proportional 
signal, and the control pulse, are 
displayed simultaneously on a two- 
channel cathode-ray oscillograph.* 
The valve motion is easily com- 
pared with the control pulse, and 
time lag, overshoot or slow response 
are instantly recognized. This type 
of presentation is indispensable to 
the servo engineer. 

In this application the waveforms 
were recorded by an oscillograph- 


*Du Mont Type 322 
**Du Mont Type 296 


For further information on 


record camera.** Measurements 


made directly from the photographs 
show that the valve (Channel B) 
opens fully in approximately 1/10th 
second following the initiation of 
the control pulse (Channel A). A 
long-persistence screen such as a 
P7 screen could be used for visual 
measurements directly from the 
screen of the cathode-ray tube. 


An important application of 
Du Mont cathode-ray instruments 
by Curtiss-Wright Corporation 
(Propeller Division) Caldwell, N. J. 
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y instr » write to 


INSTRUMENT DIVISION, ALLEN B. DU MONT LABORATORIES, INC. 


1500 Main Avenve, Clifton, N. J. 
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HICKOK standard of quality and de- 
pendable accuracy is now available in a 
Ruggedized Meter. Made in all D. C. 
ranges and built to military specifications. 

The highly efficient SHOCK MOUNT 
DESIGN permits pointer and scale divi- 
sions to be easily read when meter is 
under vibration. The SHOCK PROOF 
MOVEMENT is a precise though rugged 
design of an internal pivot type con- 
struction. SHOCK MOUNTED in a special 
low temperature rubber compound and 
bonded to the case, meter movement is 
rigidly ‘held and does not flop around 
under shock. HERMETICALLY sealed case, 
but special rubber gasket and case de- 
sign permit opening and resealing 

ACCURACY: 1'2% on D.C. and 1% on 
special requirements. Meters available in 
2'2", 3'2", and 4'2" sizes. 


WRITE FOR CATALOG NO. 26 


Kindly List Requirements. 


Opportunity... 


Hickok with over 42 years of uninter- 
prod 


opportunity to 
instrument engineers with 
xperience. We invite your - 


THE HICKOK ELECTRICAL INSTRUMENT CO. 


10519 Dupont Avenue * Cleveland 8, Ohio 
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Armatures are released by energizing 
ja sec ond winding to neutralize residual 
|magnetism in mildly hard core. An 
auxiliary restraining pole member pre- 
vents response of any armature after 
the first until it has been preliminarily 
advanced; armature interlinkage 
causes next succeeding armature to 
advance preliminarily at end of instant 
operating impulse.—Dep’t MIC-21, Kel- 
logg Switchboard and Supply Co., 79 W. 
Monroe St., Chicago, Ill. 


Mention No. 319 when filling out card. 


Vibration Pickup 
New “Type 4-118” vibration pickup 
weighs 1.3 oz., hence has compara- 
tively small damping effect on struc- 
ture or machine under test. It is of 
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self-generating class, velocity type 
(voitage output proportional to ampli- 
tude times frequency) ; is designed for 
operation at temperatures encountered 
in testing aircraft turbines, etc. Graph 
shows frequency response in terms of 
100 percent at 250 cps. and 100 deg. F. 

Consolidated Engineering Corp., 
Pasadena &, Calif. 


Mention No. 320 when filling out card. 


Oil-filled Accelerometer 
New “24133” 
|to fit in an oil-filled case, 
jtions in telemetering, missile 
}computing, etc. It is said to have “a 
[large output, requiring no amplifying 
| units in most cases.” Acceleration 
lranges may be obtained up to 30 G. 
Standard resistance ranges: 2,000 or 
5,000 ohms. Special adaptations may 


accelerometer, designed 
has applica- 
control, 


if desired. Resistance ele- 
carries current up to 15 
Resolution: 0.25 percent 
minimum offered on standard instru- 
ment. Accuracy: 1 percent. Instrument 
is designed to operate in temperatures 
between —54 C. and +71 C. Damping 
is 0.56 +0.075 of critical for e 7.5 G in- 
strument as a typical case. M. Gi- 
annini & Co., Inc., Bin N, ae na 1, 
Calif. 
Mention No. 
Sealed Accelerometer Unit 
New “No. 24132” acceleration pick- 
up, hermetically sealed in an inert gas, 
utilizes a “potentiometer” variable re- 
sistor, is obtainable in resistance ranges 


be ordered 
ment safely 
milliamperes. 


321 when filling out card. 


from 1,000 to 20,000 ohms and for any 
acceleration measurement up to 30 G 
with special adaptations possible. Re- 
sistor safely carries current up to 10 
ma. Resolution of 0.25 percent is offered 
on standard unit. Optimum operation 
between 54 C. and +71 C. Magnetic 
damping (0.5 +0.075 of critical for a 
7.5 G instrument as a typical case). A 
special shipping stop may be obtained 
for increasing instrument life.—G. M. 
Giannini & Co., Inec., P. O. Box N, Pas- 
adena 1, Calif. 

Mention No 


322 when filling out card. 


Supersensitive Aircraft 
Pressure Instruments 
New “Pressure Monitors” are said 
to “introduce a hitherto unobtainable 
precision and accuracy in the flight 
programming of manned aircraft and 
guided missiles. Each comprises a 
temperature-compensated diaphragm 
mechanism and an inductive pickoff. 
Measureables include altitude, airspeed, 


" 
pueueueueuane 











THEY ARE SENSITIVE—Torque is high, because rings 
have large cross-sectional area. Friction is low, 
because of knife edge suspension. The result is 
exceptionally high torque-to-friction ratio. 





reasons why THEY ARE ACCURATE—Maximum rate of ring rota- 


tion occurs at low flow rates. Ample power to 
operate recording, integrating and other mecha- 
nisms is available over entire scale. High accuracy 
at low flows is especially advantageous where 


users like adowe Tnge oie 
HAGAN RING BALANCE METERS 
© 


THEY ARE ADJUSTABLE—Each ring assembly is adjust- 
able for full scale differential over a range of 7 to 
1. Rings are avaiiable for a continuous differen- 
tial measuring range of 2 inch to 420 inches 


@ 


THEY ARE SIMPLE—There are no stuffing boxes or 
pressure tight bearings. No dampening devices 
are used. Level of mercury, or other sealing fluid, 
is not critical. 














water column. 














THEY ARE RUGGED—Design and materials produce 
precision results throughout a long life, requir- 
ing a minimum of personal attention, and costly 
maintenance. 





For more detailed information on Hagan Ring 
Balance Meters, just fill out and mail the coupon 
ee or write to Hagan Corporation, Hagan Building, 


Meter with two low pressure-low differen- Pittsburgh 30, Pa. 
tial rings —for recording and integrating 
gas flow and recording air flow. 





Hagan Corporation 


HAGAN CORPORATION) rine so cnnnstoana 


BOILER COMBUSTION CONTROL SYSTEMS Please send me further information on Hagan Ring Balance 
RING BALANCE FLOW AND PRESSURE INSTRUMENTS Meters. I am particularly interested in 
METALLURGICAL FURNACE CONTROL SYSTEMS : ; 
CONTROL SYSTEMS FOR AUTOMOTIVE AND 


AERONAUTICAL TESTING LABORATORIES : 
NAME 


POSITION 
COMPANY 
STREET AND NUMBER 


cITY 
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You can’t beat NEW INSTRUMENTS 
TAYLOR vertical speed, and differential and 
absolute pressure. Actuated by dia- 


phragm, the inductive pickoff electrical- 

COMPARATORS ly signals approach to a pre-set pres- 

sure and variations from that point 

within a_ specified range. “Altitude 

for ACCURACY Monitor” responds reliably to less than 

one foot of altitude change in 50,000 

Liquid color standards are feet.—Kollsman Instrument Corp., 80- 

fap 08 45th Ave., Elmhurst, L. 1., N. Y. 
unconditionally guaran- 

teed against fading. 


for SPEED Seismometers 


7 New seismometers for horizontal 
» 38 ethod re- a ’ pon 
Simple 3 step m re (Fig. 1) and vertical (Fig. 2) com- 


quires less than one minute 
to make reading 


Mention No. 323 when filling out card. 


for PHOSPHATE, 
pH, CHLORINE 
DETERMINATIONS 


ponents employ variable-reluctance 
pickups; are new production models 
of instruments originally designed by 


Compact, easy to use, 
no fragile standards to 
handle. Many slides can 
be used on same base. 


SEE YOUR DEALER...OR WRITE DIRECT 
FOR COMPLETE INFORMATION ABOUT 
THESE WIDELY USED COMPARATORS 


531 


Dr. Hugo Benioff of Caltech.—The 
Geotechnical Corp., 3712 Haggar Dr., 
Dallas, Texas. 


. GET THIS FREE Mention No. 324 when filling out card. 


Tells valve of pH 
and Other contr 


Hub Odometer 


7€ 
diffe oe _ New “Pe-Ka Driveless Hubodometer” 
rent fields of ind for commercial vehicles and _ trailers 
Use it asa, f Ustry, operates without any outside driving 
Cinta int e erence book! parts. Mechanism is sealed in case, is 
lnformats 96 : not affected by dirt, moisture, and 
Stiles ee grease. Unit can be attached to any 
aylo hubeap. Regardless of position of wheel, 
mechanism remains in proper reading 
position, registers backward and for- 
ward movement. Oilless bronze bear- 
ings assure long life.—Knopf Instru- 
ment Co., 250 Culver Ave., Jersey City 


W. A. TAYLOR *%:? Bina 


416 RODGERS FORGE RD.» BALTIMORE, MD Mention No, 325 when filling out card, 
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Driving Gage 


New Driving Gage works on vac- 
uum-gage principle, is particularly 
useful with multi-barrel carburetors; 
is connected to intake manifold below 


551 


butterfly valve; has indirect illumi- 
nation for night time driving, and a 
three-color band (red for power, green 
for economy, orange for idle).—Tach- 
ometer Div., Sun Electric Corp., Har- 
lem and Avondale Avenues, Chicago 


31, Ill. 


Mention No. 326 when filling out card. 


PRESSURE & VACUUM 


Safe-type Pressure Gage 


New “Ashcroft Maxisafe Dura- 
guage” combines absolute protection 
to viewer with access to movement 
and tube assembly. An integrally cast 
solid wall separates dial from move- 
ment and tube. A double spring- 





Integrally-cast 
Wall, 


4 


Safety release plate » 498 


mounted safety release plate cover- 
ing entire back of case permits dis- 
charge of pressure medium away 
from viewer, is held in place by a 
small knurled knob. (Less than 0.5 
psig. forces it open.) Pressure ranges 
from 15 psi. or vacuum minimum to 
100,000-psi., and compound and re- 
tard ranges, are available. Sizes: 44, 
6 and 8% inches.—Manning, Maxwell 
& Moore, Inc., Stratford, Conn. 


Mention No. 327 when filling out card. 


Multi-range Vacuum Gage 


New “Type 511” of maker’s “Al- 
phatron” is a refinement of earlier 
models, with greatly increased range: 
it measures absolute pressures from 
atmospheric down to 0.0001 mm. in 
six decade ranges instantly selectable. 
Accuracy is 2 percent of full-scale. 








PRELIMINARY * 


Announcement 





SANBORN “150” SERIES 
OSCILLOGRAPH 


RECORDING SYSTEMS 


(4-, 2-, and 1- channel) 


1 








THE most hag weiner 
OSCILLOGRAPH RECORD 
ON THE MARKET 


When the new Sanborn 150” Series is seen for the first 
time, all will agree that Sanborn engineers are really 
outdoing themselves in their design for versatility. 

This increased versatility is being made possible by: 

(1) the availability ofa greater variety of newly designed 
interchangeable Sanborn amplifiers and preamplifiers which 
together encompass such a variety of uses that the record- 
ing possibilities of Sanborn Systems will include almost 
every phenomenon whose frequency spectrum covers the 
range from 0 to 100 cycles per second, and 

(2) by an original design idea which makes such inter- 
changeability more practical. Built into each System will 
be a separate DC driver amplifier and power supply for 


BASIC 
DRIVER AMPLIFIER 
AND POWER SUPPLY 

IN 
EACH CHANNEL 


AC-DC PREAMPLIFIER 

will produce 1 cm deflection for a 
1 mv AC signal, and a | mm deflection 
for a | mv DC signal. Also provides for 
calibrated DC zero suppression (20X 
full scale). Balanced or single ended 
inputs. 


CARRIER PREAMPLIFIER 
permits a choice of three interchange- 
able oscillators — 400, 1000 and 2500 
cycles. Each amplifier equipped with 
calibrated zero suppression network 
(20X full scale). Overall sensitivity 
80 microvolts/cm deflection, or 40 
microinches/inch/cm (one active arm; 
gage factor of 2). With commercial 
transducers, sensitivity usually sufficient 
for 20X full scale with maximum load 
on the transducer, 


SERVO MONITOR PREAM- 
PLIFIER —AC phase discriminating, 
with overall sensitivity of 10 mv/1 cm de- 
flection. Provides DC outputs propor- 
tional to error signals from 60 to 


each of the System’s channels, with provision for “plug in” 10,000 cycles per second. 
connection to the driver amplifier (as shown in the 
diagram at right) of the user’s choice of a preamplifier 
and control panel to complete the desired network for 
each channel. 

IN ADDITION, the 150” series will include these 
Sanborn improvements: 


CHOICE OF 
INTERCHANGEABLE 


PREAMPLIFIERS LOG-AUDIO PREAMPLIFIER 


provides a 50 db dynamic range wtih 

resulting chart calibrated 1 db/mm. 

(At maximum sensitivity, bottom of 

chart equals 0.3 mv input, and top of 

chart 100 mv). 50 db (5 db steps) input 
audio attenvator. Input provision for 
either DC or audio signals. Audio range 

20 cps to 20 ke. DC input range from 

m 0.6 to 200 volts, 

@ Greater convenience and more a = 
area for immediate study of re- 
corded events, and for notations 
on record 

@ Amplifier panels and Recorder 
panel all in one vertical plane on 
the 4-channel model. Complete 
system takes less floor space. 


@ Increased frequency response 
DC CONVERTER (Chopper Amp.) 
for low level DC recording such as 
thermocouple output. Sensitivity | mv/ 
cm deflection. 


@ Improved regulated power supply 


@ Individual stylus temperature con- 
trol for each channel 

@ Improved, single control, paper 
speed selector. Nine speeds —.25 
to 100 mm/sec 


COUPLING PREAMPLIFIER 
will take balanced or single ended in- 
puts providing 50 mv/cm sensitivity. 





First showing of the new 
Sanborn “150° series will be at 
BOOTH 2-116, I.R.E. Convention, 

Grand Central Palace, 
New York City, March 23-26. 
Be sure tc see it! 


anborn Company 


INDUSTRIAL DIVISION 
Cambridge 39, Massachusetts 
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lit aba dla 


new way 
fo measure 
process 
variables 


New Ohmart Density Gauges solve 
many tough measurement problems 
easily—accurately—permanently. 
Radioactivity is utilized to provide a 
simple, direct means of measuring 
and controlling such functions as 
sludge composition, specific gravity, 
level of liquids or solids, interface 
level 


extreme temperatures or pressures or 


many process variables, where 


corrosive or erosive elements present 
difficult measurement problems. Ap- 
plication illustrated below is for the 
measurement of a continuously ap- 
plied coating or impregnation on a 
material of variable density. Ohmart 
Cells, basis of this new system, require 
NO high voltage power supply. As in 
all Ohmart installations, the amount 
of radioactive material is carefully 
limited to a small, safe quantity. 
Operation is simple—standard in- 
struments are employed; equipment 
is sturdy, long lasting. If you have a 
difficult measurement or control 
problem in which density is a func- 
tion, inquire today about this new 
system of process variables evaluation. 


Electricity 
From 
Radioactivity 


the ohmart corp. 


2335 FERGUSON ROAD 
CINCINNATI 38, OHIO 


DALLAS CHICAGO 
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476 


Response to pressure changes being 
instantaneous, gage can be used as 
leak detector. Ionization chamber and 
first-stage amplifier are in 4-oz, steel 
housing with %-in. pipe thread for 
attaching to vacuum system. Instru- 
ment is self-contained (battery-pow- 
ered), weighs 7 lbs.—National Re- 
search Corp., 70 Memorial Drive, 
Cambridge, Mass. 

Mention No. 328 when filling out card. 


Dual-channel Pressure 
Indicator for CRO Display 
New “Model ST-122” two-channel 
electronic pickup indicator measures 
transient, recurrent and static pres- 
sures using oscilloscope presentation. 


| It features two identical channels op- 
erated from a single regulated power 
supply to provide simultaneous meas- 
urements of pressure at two points in 
a system. Operating principle: phase 
modulation using a carrier frequency 
of about 12.5 Mc. Signal-to-noise ratio 
is better than 90 db. High sensitivity 
gives nominal 10 volts output for full 
rated pressure of a given diaphragm. 
Capacity-type pickups have 3/16-in. 
flush-mounted diaphragms. Linear re- 
sponse from 0 to 100 ke. can be ob- 
tained; upper limit depending on a 
diaphragm thickness. Replaceable dia- 
phragms cover ranges from 1 to 60,- 
000 psi.—Rutishauser Corp., 490 So. 
Fair Oaks Ave., Pasadena 1, Calif. 
Mention No. 329 when filling out card. 


Vacuum Switch 

“Vac-on” vacuum switch is 
for use with motors and gasoline 
engines where safety of equipment 
depends on a suction-delivered lubri- 
cant, fuel, water, etc.; also serves as 
a warning control where operating 
conditions depend on a _ vacuum. 
Switch cuts off motor or engine when 
suction falls below a predetermined 
negative pressure (approx. 1 in. mer- 


New 


cury); utilizes a spring-loaded rubber 
diaphragm, and silver contact points 
for heavy-duty service. Model for 
motor use commands electric motors 
up to 2 hp. on a.c. and 0.5 hp. on d.c. 
Gas-engine model shorts out spark 
plug. Hand lever is incorporated for 
manual restart.—Jaycon Associates, 
404 N. Washington Ave., Minneapolis, 
Minn. 


Mention No. 330 when filling out card. 


Pressure Controller 
New “Type E296 Pressure Control 
Package Unit” combines a_proper- 
sized diaphragm-motor valve (free- 
flow pattern) with pressure controller 


which can be dismantled, cleaned, and 
reassembled in two minutes. Avail- 
able with 300-psi. valve in standard 
or “V”-port assembly and offering a 
choice of pressure elements from 10 
to 500 psi. Is adaptable to a wide va- 
riety of applications. Normal opera- 
tion requires 30-psi. air pressure for 
diaphragm, but some gases can be 
used directly, thereby obviating need 
of external air supply.—Emmett Ma- 
chine & Mfg. Co., 2249 14th St., S. W., 
Akron 14, Ohio. 
Mention No. 331 when filling out card. 


High-pressure Control Valve 

New “HydrOILic” 2-inch relief 
valve provides pressure control to 
5000 psi. in capacities to 125 gpm.; is 
said to feature exceptionally low dif- 
ferential between opening and closing 
pressures resulting in fast action, 
close pressure control, and a reduction 
of over-pressure and pressure-drop 





conditions. Pressure setting is ad- 
justed by a knurled screw on valve 
cap; provision is made for remote 
control. Valve is furnished with either 
threaded body or subplate mounting. 

Denison Engineering Co., 1160 Dub- 
lin Rd., Columbus, Ohio. 

Mention No. 332 when filling out card. 


Flow Test Kit 
New portable wide-range flow test 
kit, for laboratory research and field 
flow checking work, consists of five 


“Pyrex” glass “Tri-Flat” metering 





tubes with five spherical constant- 
density floats and instruction hand- 
book, all in a carrying case.—Fisch- 
er & Porter Co., 745 Jacksonville Rd., 
Hatboro, Penna. 

Mention No, 333 when filling out card. 


Small Rotameter 


New “Purge Rotameter” is for such 
applications as indicating flow of: sup- 
ply air in bubbler type liquid-level 
measuring installations; purge fluid 
in gage lines to orifices, Venturi tubes, 
etc.; purge fluid to sight-glass indi- 


hn reco 
iP for aircraft, industrial 
and laboratory applications 


Exclusive Heiland “700” Features 


¥ One surface 
operation, control 
and loading 


¥ Rack or table 
mounting 


¥ Direct monitoring 
of galvanometer 
light spots 


HEILAND Series “700” Oscillo- ¥ Damping resistor 
graph Recorders have been de- a «¢ panel 
signed and developed to enable - 

the testing engineer and scien- 

tist to solve the wide variety of 

industrial and laboratory prob- 

lems involving the measurement 

of physical phenomena such as 

strains, stresses, vibrations, pres- 

sures, temperatures, accelera- 

tions, impact, etc. Accurate and 

dependable oscillograph — rec- 

ords permit the study of various 

recorded data comparatively, 

individually and _ collectively 

making for better product de- 

sign and performance. 


HEILAND Series “700” Oscillo- 
graph Recorders are being wide- 
ly used today for the analysis 
of static and dynamic strains, 
vibrations, etc. in aircraft and 
guided missile flight testing; 
structural tests; performance 
tests; riding quality evaluation; 
voltage and current measure- 
ments; medical research; gener- 
al industrial problem analysis. 


A708 
24-channel 
Oscillograph 
Recorders 


Other "700" models up to 36 chan- 
nels are available. Write today for 


a complete catalog of Heiland “700” 
oscillograph recorders. 
The Heiland Research Corporation 


130 East Fifth Avenue, Denver 9, Colorado 


endable instruments 
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STANDARD 


TUBE FITTINGS HOLD 
ULTRA-HIGH VACUUMS 


Swagelok tube fittings, by providing a 
vacuum-tight mechanical seal, have now 
extended ultra-high vacuums beyond the 
laboratory into industrial applications. 
The Swagelok Ultra-High Vacuum Dem- 
onstrator above incorporates standard 
Swagelok fittings--a reducer and a cap. 
It demonstrates that the oir pressure in 
the system can be reduced repeatedly 
from the normal 14.7 pounds per square 
inch absolute to 0.0000000194 psia. For 
information on Swagelok fittings and 
ultra-high vacuum test data address 


Dept, 15 


CRAWFORD FITTING CO. 
884 E. 140th Street, Cleveland 10, Ohio 


NEW INSTRUMENTS 








SWAGELOK FITTINGS AVAILABLE IN: BRASS, 
ALUMINUM, STEEL, STAINLESS STEEL, MONEL 


-~ 

& 
4 
LES Ape BETTER 


COME TO YOU COMPLETELY ASSEMBLED, 
FINGER TIGHT 
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cators of Rotameters; sample fluid to 
measuring installations for continuous 
chemical analysis of fluids.—Schutte 
& Koerting Co., Cornwells Heights, 
Bucks Co., Pa. 

Mention No. 334 when filling out card. 


Gas and Air Flowmeters 


New “Flo-meters” are variable- 
area flowmeters for air and industrial 
gases, available in 11 sizes. Each 
meter is individually calibrated for 
intended gas and flow-rate. Oil in 
glass scale-tube dampens pulsations 
and prevents accumulation of foreign 
matter that might obscure reading. 
Cleaning takes less than two minutes: 
no tools. Meters are designed for 
panel mounting. If panels are not 
used, standard brackets are available 
for single, double or triple mounting. 

Waukee Engineering Co., 759 N. 
Milwaukee St., Milwaukee 2, Wis. 


Mention No. 335 when filling out card. 


TEMPERATURE 





Thermocouple Tube 


New type of thermocouple-protect- 
ing tube is made of Incoloy, a nickel al- 
loy that has similar physical properties 
to Inconel (used previously) but with 
only half its nickel content.—J/ndus- 
trial Div., Minneapolis-Honeywell 
Regulator Co., Philadelphia 44, Pa. 


Mention No. 336 when filling out card. 


Differential-ex pansion 
Temperature Controller 


New small-size temperature con- 
troller for ovens, heating and air 
conditioning, etc., between limits of 
minus 300 F. and plus 300 F., has 


(Cover removed) 


snap-action electrical contacts and 
cast aluminum waterproof housing. 
Primary element consists of a high- 
expanding outer tube and a low-ex- 
panding inner member: relative mo- 
tion is multiplied by a lever which 
actuates a 15-amp. Micro Switch. 
Setting dial is graduated 1 to 10. 
Standard tube lengths are 5, 10 and 
15 in.—Burling Instrument Co., 5 
Vose Ave., South Orange, N. J. 


Mention No. 337 when filling out card. 


Dial Thermometers 


New “Bimet” dial thermometer for 
indication of air or liquid tempera- 
tures is actuated by a powerful bi- 


metallic helix. It is available’ in 


563 


) 
straight or back connection, with fixed 
or union connection, and can also be 
supplied with separable socket. Case 
is dust-, moisture- and fume-proof, 
suitable for outdoors or adverse at- 
mospheres. Standard ranges are be- 
tween minus 100 F, and 750 F., or C. 
equivalent. Each unit is individually 
calibrated; guaranteed accuracy, with- 
in 1 percent of range.—Moeller In- 
strument Co., Ine., Richmond Hill, 
N. Y 


Mention No. 338 when filling out card. 


Calibration Baths 


New ‘“Hallikainen-Shell Develop- 
ment” thermometer calibration baths, 
manufactured in accordance’ with 
ASTM E77-49T requirements, are 
available in five models: (1) Ice-point 
bath “Model 1010A” (illustrated) con- 
sists of an unsilvered Dewar vessel, 


43/ 








TORQUE 


; i SURE HERE-> A ¢~INDICATED HERE 


a 4 
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A NEW APPROACH IN AIRCRAFT TORQUE PRESSURE INSTRUMENTATION 


Provides complete freedom from the attacks of 
sand, dust, fungus, salt fog and humidity 


LOOK AT THESE EXCITING “FIRSTS”... In this Synchro Torque Pressure Transmitter one element 


e Hermetically sealed and helium protected pressure and measures the pressure and the other the ambient outside 


electrical elements. pressure. Together, these two Nispan elements measure 
e Nispan “C” pressure elements eliminating bimetallic the applied pressure in a sealed case charged with an 


co ns ; . : : 
mpensation inert gas, and transmit an electrical signal through a 


e Higher precision in remote transmission. 
ot glass-to-metal connector. 


e Smaller and lighter in weight with tear-strip ease of nats , : : 
: 6 I This refreshing solution to a difficult problem leads a 
disassembly. 
. whole flight of new direct-connected clamp-on pressure 
e External adjustment through hermetic seal. raged I 
: indicators for fue if é raulic pressure 

e Isolating link and pressure pick up for temperature indicators for oil, fuel, manifold, and hydraulic pressures. 


extremes of —85 and +230 F, United States Gauge, Division of 
American Machine and Metals, Inc., 


Sellersville, Pa. 


40 
AMSA 


~— 


us USG 
Oil Pressure Gauge Fuel Pressure Gauge Manifold Hydraulic 
Pressure Gauge Pressure Gauge 


¢ / 
Md Ui tt . V7, VHMM Y 


C / 
et Lully Taney CMY EMM fll C 


PRODUCTS OF UNITED STATES GAUGE... Absolute Pressure Gauges ¢ Aircraft Instruments ¢ Air Volume Controls + Altitude Gauges * Boiler Gauges 
Chemical Gauges * Mercury, Gas, and Vapor Dial Thermometers * Glass Tube and Industrial Thermometers * Flow Meters * Inspectors’ Test Gauges 
Precision Laboratory Test Gauges * Marine, Ship and Air-Brake Gauges * Voltmeters * Ammeters * Welding Gauges 


OTHER DIVISIONS OF AMERICAN MACHINE AND METALS, INC., AT SELLERSVILLE, PA.: GOTHAM INSTRUMENTS AND AUTOBAR SYSTEMS 
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Simplifies Your 
Instrumentation 
with this NEW 
Expandable 
Consolette Recorder 


7 


«o-oo oe Oe oe lee 
—_tteiLtt . ff ee 


x 


Add units, as you need them, to make 
a 4, 6 or 8 Channel System. 


The Consolette gives you rack 
mounted dimensions with option of 
Direct Coupled, Condenser Coupled 
or Carrier Amplifiers; a wide variety 
of chart speeds and galvanometer 
types; full writing desk for review 
of intelligerce; and an efficient, 
modern and beautifully designed 
instrument, 


207 MAIN STREET 


COMPANY 


WORCESTER, MASS. 


THE 


PPR ORS Sete eee eam amy 


THE EDIN COMPANY 
207 Main St., Dept. D, Worcester 8, Mass. 
Gentlemen: 

Send complete information on [] the 
new Edin Consolette [] Recording Instru 
ments [] Companion Amplifiers. 


ee 
No....... Street 


City woe State... 


Position 


A IR 


Gen meee meeeneeeeecoea= 
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NEW INSTRUMENTS 


a rotatable duraluminum thermometer 
holder and a 20x viewing telescope. 
(2) Ice-point bath “Model 1011A” 
is similar but has stirrer; may be 
used for testing low-temperature ther- 
mometers ranging from minus 40 to 
plus 80 C. (3) Medium-temperature 
“Model 1012A” has a range from 20 to 
230 C.; uses oil as bath medium and 
stirrer to provide uniform tempcra- 
ture; temperature controller can be 
supplied; viewing telescope is inter- 
changeable with that of other baths. 
(4) High-temperature “Model 1013A” 
is for 230 to 550 C.; molten tin is 
usual bath medium. (5) Aging bath 
“Model 1014A” has insulated electri- 
cally-heated aluminum block into 
which stainless-steel tubes for ther- 
mometers have been cast. Pyrometer 
indicating controller available at ex- 
tra cost.—Hallikainen Instruments, 
1341 Seventh St., Berkeley, Calif. 
Mention No. 339 when filling out card. 





Miniature Thermostat 


New miniature “Thermoswitch,” 
available in rectangular and cylindri- 
cal models, provides temperature con- 
trol and overheat detection (depend- 
ing on thermal and electrical charac- 
teristics of application) to within 1 
deg. F. May be set at any temperature 


te 


Ke 


Cp <1 IN| 464 


from 0 to 200 F. by adjusting screw. 
Maintains control under 5-G vibration 
at 50 to 500 cycles per sec. Rated at 
2.5 amps at 115 v.ac. or 2 amps at 28 
v.de. Contacts open when rising tem- 
perature reaches set point. Various 
mountings available.—Fenwal Ince., 
Ashland, Mass. 
Mention No. 340 when filling out card. 


COMPUTING 


Analog-to-digital Converter 


New “Digitizer” is a mechanoelec- 
trical analog-to-digital converter said to 
incorporate features which offer 
marked improvement of performance 
in existing applications of this type 
of device, as well as entirely new op- 
portunities for use. Any measurable 
which can be resolved into a_ shaft 
position analog can in turn be repre- 
sented in digital form by new device, 
which is essentially a means of con- 
verting shaft rotational positions into 
electrical contact settings through 
which various readout, recording or 
devices can be actuated. 
Contact settings being inherently un- 
ambiguous, device is especially adapted 
to automatic card and tape puncbing 





systems and automatic tabulating 
equipment. Among features is separa- 
tion of contacts from brushes during 
rotation of input shaft from one angu- 
lar position to another, said to result 
in virtual elimination of contact and 
brush wear. Standard production mod- 
els can be operated normally at up- 
wards of 18,000 rpm. at units decade 
(corresponding to 3000 digits per sec- 
ond). Torque to start rotation of units 
decade input shaft is approx. 0.005 
inch-ounce. Standard production models 
are offered in three-, four- and five-dec- 
ade versions. (Six decades and over on 
special order).—Coleman Engineering 
Co., 6040 W. Jefferson Blvd. Los An- 
geles 16, Calif. 
Mention No. 341 when filling out card. 


Remote Operator for 
Analog Computers 


New “Model R5 GEDA” recorder 
provides remote operation of computer 
systems by built-in control units. Six 
channels of recording are provided 


fr 


either in curvilinear coordinates (ink 
pens) or rectilinear coordinates (hot- 
wire pens). Operator determines choice 
of pens, need not leave recorder for 
many runs that differ only in values 
of one or two coefficients or initial con- 
ditions. Six d-c. amplifiers feature cal- 
ibrated gain controls and _ negligible 
drift. Sensitivity is continuously vari- 
able between calibrated steps from 0.01 
to 100 v./mm. Input impedance is 2.5 
megohms on 0.01-to-0.1 v./mm. range 
and 10 megohms on all other ranges. 
Frequency response is essentially flat 
to 100 cps. when ink pens are used. 
Accuracy is limited only by linearities 
of pen motors. Balance control may be 
used effectively to offset input signals 
an amount equivalent to four times 
full-scale deflection without distortion. 
Power consumption about 350 watts. 

Goodyear Aircraft Corp., Akron 16, 
Ohio. 

Mention No. 342 when filling out card. 


Dosimeter Charger 


New “Model 561” dosimeter charger 
charges all makes of direct-reading 
pocket dosimeters to any voltage be- 
tween 110 and 225. Internally-lighted 
charging socket extends %-inch above 
case top to receive dosimeters of larger 
outside diameters than maker’s stand- 
ard. Unit is waterproof; weighs 3 
lbs.; features a single off-on-charge 





knob and a_ spring-loaded charger 
socket to prevent damage to dosimeter 
due to excessive pressure.—The Vic- 
toreen Instrument Co., 3800 Perkins 
Ave., Cleveland 14, Ohio. 

Mention No. 343 when filling out card. 


FOR THE LABORATORY 


Leak-detection Liquid 


New “Leak-Tec,” specifically de- 
signed for leak detection, spreads over 
cracks and crevices, forms a growing 
cluster of live bubbles when a leak 
occurs; detects gas and air leaks too 
small for flame test or for soap-and- 
water method. Solution comes in 4-oz. 
plastic bottle with spray attachment; 
also in quart and gallon supplies.— 
Cargille Scientific, Inc., 117 Liberty 
St., New York 6, N. Y. 

Mention No. 344 when filling out card. 





Constant-temperature 
Circulator 


New constant-temperature circula- | 


tor combines stirrer with speed ad- 


justment, 700-watt heater, tempera- | 


ture controller with electronic relay, 
and thermometer. It adjusts to any po- 


sition and, when inserted in any suit- | 


able glass or metal container, pro- 
vides a portable water or oil bath 


adjustable to any temperature from | 


room to 100 C. Temperature constancy 


of +0.01 C. can be achieved without | 


difficulty in suitably-insulated baths. 
It serves also as a circulating system 
to circulate liquid of accuravely-con- 
trolled temperature through refrac- 
tometers, polarimeters, spectropho- 
tometers, viscometers, etc. At bath 
level it circulates up to 3 gallons of 





Bondix- Pacific 
100 WATT R.F. AMPLIFIER 








This new Bendix-Pacific TAV-2 Amplifier will extend the range of low 
power transmitters, such as the Bendix-Pacific TXV-13, by increasing the output 
power. it nominally provides 100 watts of RF output power to a 50 ohm load 
through a type N coaxial fitting. The unit requires two watts drive at 50 ohms. 
The power connection is a multicontact, quick disconnect plug. 

The amplifier is unusually compact and is rigidly constructed to withstand 
extremes of vibration and shock. Provision is made for mounting the Bendix- 
Pacific TXV-13 Transmitter directly to the amplifier, as shown in the photo, 
making a complete 100 watt transmitter of very small size. 


TYPICAL OPERATION—215-235 mc. 


Final Plate Voltage: 775 volts DC Heater Voltage: 6 or 24 volts AC or DC 


Final Plate Current: 220 milliamperes Blower Voltage: 


Driver Plate Voltage: 500 volts DC 6, 24 volts DC or 115 volts 400 cycles 


Driver Plate Current: 100 milliamperes Size: 4'/, inches high, 27, inches wide, and 
85/, inches long not inc!uding the tronsmitter 


Screen Voltage: 250 volts DC 
Screen Current: 20-40 milliamperes Weight: 5 |b. 6 oz 


Power Output: 100 watts Assembly Number: 557 


Write for PP. fi o fie - 
complete information. wery7e Division J nix” 
“Bendix Aviation Corporation 


MOATNM MOLT MOOD Cath 


EAST COAST OFFICE: 475 FIFTH AVE., NEW YORK 17, NY 
EXPORT DIVISION: BENDIX INTERNATIONAL, 72 FIFTH AVE, NEW YORK 11 NY. 
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FOR ACCURATE 
FABRICATION of 


CUBICLES, 
CABINETS, 


NEW INSTRUMENTS 





tempered liquid per minute. With wa- 
ter it has a discharge head of 6 feet. 
Heater, stirrer and contact thermom- 
eter together displace about 100 ml. 
and weigh 4 lbs.—Bronwill Scientific, 
Inc., 40 Worth St., New York 13, N.Y. 


Improved Kjeldahl Flask 


New 500-m] Kjeldahl flask embodies 
improvement by Dr. William Rieman 
Ill of Rutgers, who suggested that neck 
of flask be made removable by adding 


Mention No. 345 when filling out card. 


PANEL 
BOARDS, 


see LITTLEFORD 


Volumetric Flasks 


New line of “Emson” volumetric 
flasks features a yellow-pigment grad- 
uation mark and a Schellbach-type 
background, making level of solution 





a standard-taper joint to its base. This 
net only solves titration problem but 
makes several other applications at 
once practical. New flask is available in 
sets of bulb bottom and standard-taper 

; neck. Bulb bottoms and standard-taper 

stand out clearly. New flasks, stop-  jecks are also available separately. 

pered and unstoppered, are available  prjepe) Seientific Co.. 717 Forbes St. 
in all standard sizes from 10 to 2,000 Pittsburgh 19, Pa. 

ml.—E. Machlett & Son, 220 E. 23rd “VS MTG Se card 

St., New York 10, N. Y. ention No. 348 when ing out card, 
Mention No. 346 when filling out card. 

Automatic Intermittent 
Volumetric Dispenser 


New “Maisch 


Radiant-wall Ovens 








New radiant-wall ovens for labora- 
tory uses are hazard-safe: no heaters 
inside working chamber; bottom shelf 
can be completely loaded. Ovens have 


Automatic Pipetting 
System” automatically dispenses con- 
trolled volumes of sterile liquids or 
chemical solutions at predetermined 
intervals. It comprises a motorized me- 
tering pump, an automatic recycling 
timer, and a pipette control unit. It is 
to. shear. bend. form and weld said to be ideal for filling ampules with 
plate and sheet metals. Littleford biological fluids. When desired volume 
has thot experience, plus skilled of liquid has been dispensed, pipette 
crafismen, os industry has been control automatically recirculates flow 
served by Littleford since 1882 
These long years of producing 
fabricated products reflect in the 
finished unit. Littleford facilities are 
modern and afford an unprece 
dented standard of dependability 
and quality. If you. have a problem 
involving accurate “fabrication re 


member there is no substitute . for 


Manufacturers of Electrical and 
Hydraulic Control equipment must 
have accuracy in the fabrication of 
Cubicles Control Boards f 
and Panel Boards. Accuracy comes i 

} 


through experience in knowing how 


Cabinets 


> 








experience, and no substitute for 


Littleford workmanship 


Send blueprints and be as- 


sured of quality at low cost., , 


FABRICATORS OF PLATE AND 
SHEET METAL PRODUCTS 
FOR INDUSTRY 


hydraulic thermostat with fully en- 
SINCE 1882 


closed “walking” contact points, Mar- 
inite heat barrier, and 3-in. glass- 
wool insulation. Temperature range: 
room to 200 deg. C. Two sizes avail- 
able: working chambers 13 x 13 x 13 in. 
and 18 x 20 x 17% in.—Labline, Inc., 
217 No. DesPlaines St., Chicago 6, Ill. 


Mention No. 347 when filling out card 


LITTLEFORD BROS., INC. 
404 E. Pearl St. 
Cincinnati 2, Ohio 
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INSTRIMBNTS 


PRECISION 
AMERICAN, WESTCOTT 
MERCURY 
ORIFICE METERS 


Your specific requirements for differential 
pressure measurement will be met with 
one of these two field proven instruments. 
Both types are designed to reduce 
installation and operation problems, 
Both combine the extreme accuracy, 
dependability and low maintenance 
characteristic of all American equipment 
built under a long-time tradition of 


“Sustained Accuracy at Lower Cost.” 


Write for Details 


[ 
[ 
) 
| 
| 
| 
I 
| 
| 
| 
I 
| 
SS 


AMERICAN Ka 


METER COMPANY 


timco#rorario (EST AGL imtoo Feder 


AMERICAN DRI-FLO 
MERCURYLESS. . 
ORIFICE METERS 


CANNON METER PENS 
(Formerly Chartomatic) 
FOR ALL TYPES OF 
RECORDING INSTRUMENTS 


Now, American and other types of 
recording instruments may be 
equipped with Cannon controlled- 
flow Meter Pens, if desired. Stain- 
less steel pens are capillary fed by 
upward flow from a half-ounce res- 
ervoir holding and protecting up to 
a year's supply of ink. These instru- 
ments provide maximum legibility 
and reduce meter inking problems 
to the bare minimum. They are un- 
affected by pulsating flows, rapid 
pen movement, or atmospheric fluc- 
tuations and are non-clogging. 
= Available in various styles for all 
standard recording instruments. 


GENERAL SALES OFFICE: 1513 Race Street, Philadelphia 
Albany * Alhambra © Atlanta * Baltimore * Birming 
ham ¢* Boston *: Chicago * Dallas * Denver *¢ Erie 
Houston * Kansas City * Los Angeles * Minneapolis 
New York * Odessa * Omaha ©° Pittsburgh * Tulsa 
San Francisco 
IN CANADA: Canadian Meter Company, Limited 
Hamilton, Ontario * Edmonton, Alberta 
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More Accurate 
Level Reading 
of LOW 


TEMPERATURE 
LIQUIDS... 


JERGUSON 


Large Chamber 


NON-FROSTING* 


GAGES 
You get the highest possible 


accuracy of reading on low temper- 
ature, low boiling point liquids with 
the patented Jerguson Non-Frosting 
Gage in the New Large Chamber 
model . . . because it insures less 
turbulence at the meniscus, and 
clear vision at the vision slot. 

This new Jerguson model has 6 
times larger area at the meniscus 
than the standard gage, so that there 
is a marked reduction in turbulence 
with light gaseous fluids that tend 
to boil or surge. Moreover, the 
problem of frosting encountered 
with these liquids has been elim- 
inated by a patented frost prevent 
ing unit extending from the gage 
glass. This special transparent unit 
projects beyond the cover bolts and 
prevents frost from building up 
over the vision slot. 

Here's a dual feature gage that 
assures greatly increased accuracy of 
reading for the process industries. 
If you have a problem with light 
gascous fluids, or with gage frost- 
ing, it will pay you to investigate 
the new Jerguson Large Chamber 
Non-Frosting Gage . reflex or 

transparent, 


Jerguson Large Cham- 
ber Gage, 7 rans parent 
Type, with the patented 
Non-Frosting Gage 
Glass Extension. Write 
for literature on this 
kage, and on other non- 
frosting Jerguson mod- 
els, 
*Patented 


Gages and Valves for the 
Observation of Liquids and Levels 


JERGUSON GAGE & VALVE COMPANY 
100 Fellsway, Somerville 45, Mass. 


Offices in Major Cities 


Jerguson Tress Gage & Valve Co., Ltd., London, Eng. 
PEtrole Service, Paris, France 
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from metering pump back into pump 
intake, maintaining an average volu- 
metric accuracy of 0.5 to 1.0 percent. 
Amount of fluid dispensed during each 
cycle is determined by speed and ca- 
pacity of pump selected, operating 
head, and time interval to which pipette 
control is set. Thus, a pump dispensing 
at rate of 20 ml/sec. under any given 
head will deliver 100 ml when timer is 
set for 5.0 seconds. Motorized trans- 
mission units are available with fixed 
speeds for output capacities from 11 
to 150 ml/sec.; also with governor- 
controlled variable-speed universal mo- 
tors for adjustable output capacities 
from 3.4 to 30 ml/sec.; and variable- 
speed transmissions for adjustable ca- 
pacities from 0 to 150 ml/sec. Out- 
put capacities from 0 to 150 ml/sec. 
Automatic recycling timer has adjust- 
able ON and OFF pump dispensing cycles. 
(Single cycle timers also available.) 

Central Scientific Co., 1700 Irving 
Park Road, Chicago 13, Ill. 


Mention No. 350 when filling out card. 


Redesigned Chromometer 


New improved model of “Fisher/- 
Tag Saybolt Chromometer” has a 
revolving turret head which speeds 
changing color disks, and 17-mm. in- 


side diam. comparison tubes. (Older 
models can be modified to use new 
turret.)—Fisher Scientific Co., 717 
Forbes St., Pittsburgh 19, Pa. 

Mention No. 351 when filling out card. 


Standard Microphone and 
Blast Gage 


New “Model M-141A” wide-range 
microphone and blast gage, for use in 
making absolute sound pressure meas- 
urements over frequency range 20-to- 
30,000 cps., covers dynamic range 
from a few dynes/cm®? to several mil- 
lion dynes/em?. A small flange near 
pressure-sensitive end permits flush 
mounting into a pipe or chamber. 20- 
foot cable is integral part of micro- 
phone and sensitivity is adjusted so 
that 5 microvolts/dyne/em? sound 
pressure appears at open circuit ter- 
minals of cable plug. Microphone em- 





ploys ADP crystals and may be used 
up to 160 deg. F. Its absolute sensi- 
tivity is so adjusted that if cable plug 
is connected to input terminals of a 
Ballantine “Model 310A” VTVM, or 
equivalent, voltmeter becomes a cal- 
ibrated sound pressure level indicator 
giving direct readings of sound lev- 
els from 100 db to 220 db (from 80 
db with a times-10 preamplifier).— 
Massa Laboratories Inc., 5 Fottler 
Rd., Hingham, Mass. 


Mention No. 352 when filling out card. 


FOR THE TESTING 
DEPARTMENT 





Plating-tester Accessories 


accessory units for 
maker’s “Model TT” tester, which 
measures thickness of metallic de- 
posits on various base materials, are 
(1) “Accessory Unit Model MT” scale- 
changing unit for direct reading of 
deposit thickness in millionths of an 
inch, and (2) “Accessory Unit Model 
WT” for measuring plating thick- 
nesses on wire and for determining 
total weight of deposit on small parts. 
(Where surface area is known, aver- 
age thickness can be determined.)— 
Kocour Co., 4813 S. St. Louis Ave., 
Chicago, Ill. 

Mention No. 353 when filling out card. 


Two new 


Gasoline-test Calculator 


New “Induction Period Calculator” 
eliminates human errors of interpreta- 
tion in ASTM test D-525 for Oxidation 


Ls 


Stability of Gasoline; has been tested 
for eight years in Du Pont laboratories 
where it was developed; is for use with 
Foxboro or Tagliabue charts.—Preci- 
sion Scientific Co., 3737 W. Cortland 
St., Chicago 47, Jil. 

Mention No. 354 when filling out card. 





Portable Hardness Tester 

New “Penetrascope”’ is a portable 
metal hardness tester said to utilize 
“the most accurate method of hardness 
testing known.” It tests ferrous and 
non-ferrous metals in a wide range 


of sizes and shapes. A variety of stand- 
ard clamps—electromagnetic, chain and 
C-clamps—are available and others can 
be designed for special applications. A 
combination of ‘Penetrascope”’ and 
electromagnetic stand can test many 
normally inaccessible parts of large 
assembled or partly dismantled units. 
A 136-degree pyramidal diamond _ in- 
denter makes a minute impression un- 
der controlled load and diagonals of 
impression are measured to 0.001 mm. 
Load on diamond indenter can be set 
at any point from 1 to 30 kg. to suit 
hardness of metal being tested. Ball 
type indenters of 1mm. and 2mm. diam. 
are supplied for testing cast iron and 
other large-grained metals.—C. Ten- 
nant, Sons & Co., 100 Park Ave., New 
York 17,.N.Y. 


Mention No. 355 when filling out card. 


Heat-rise-and-flow Type 
Dynamometer 
New “Hydra-Brake” power-absorp- 
tion unit for dynamometry is avail- 
able in six standard models (see 
graph) and special models for higher 


“7 ae: 
RPM 
or lower loads and different speed- 
vs.-load characteristics. Exclusive fea- 
tures are light weight of units, ex- 
ceptionally wide ranges of power 
measurement, and removable rotor 
and stator elements. With ordinary 


° Also makers of: 

la N) ali EDGE-LIGHTED 
DIALS AND PANELS 
Lackon process 


Nameplates 2... 


cathode-ray tube 


ALUMILITE * ALUMINUM — 


BRASS ¢ STAINLESS STEEL © STEEL {alpha-ray ionization 


sources) 


. with nonluminous, fluorescent, 1ONOTRON 


. h bi STATIC 
self-luminous, phosphorescent markings ELIMINATORS 


RADIUM 
LOCATORS 


: pendants, lenses, 
the accuracy and quality you must have — buttons, screws, 


markers 


~ We.can supply the design you want, 


at a. mass-production cost! 


LUMINOUS 


RETICLES 
chy cnd other specialtied 


Dept !-3 


UNITED STATES RADIUM CORPORATION 
535 Pearl Street New York 7, N. Y. 
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INTEGRAL DOME 
LOADING REGULATOR 


INSTRUMENT AiR 
SUPPLY AIR CONNECTION CONNECTION 


INTEGRAL NULL TYPE { j HEAT TREATED 
POSITIONER UNIT ’ 94 DOUBLE ANODIZED ALUMINUM 
: DOME ASSEMBLY 


Z J 4 
To nti 
SSS |, POSITIONER RATE 
(BREEN | eee ey age 


SELF LUBRICATING ._—i. ESS 


“O” RING SEAL ——————— 5 


(3) POINT PISTON GUIDE fs a 
ay ANNIN 


FIOATING IN RUBBER 
. DOMOTOR 
STEM PROTECTOR ? VALVE 


PANTS 


ONE-PIECE VALVE 
STEM AND PLUG 


ROTATABLE STEEL 
CONNECTING YOKE 


SEPARABLE 
BOOY HALVES 


THREADLESS 
VALVE SEAT 


eT 
We Dent the Tough Jobs! 


When precise control of hard-to-handle fluids is required, engineers and 
production men have learned from experience to depend on Annin 
Valves. Designed for long life, low maintenance, and efficient operation, 
Annin Valves are widely used to control erosive and corrosive fluids under 
y ’ 
a wide range of temperatures and pressures. Interchangeability of valve li for illustrated bulletin 
bodies, flanges, operators, and plug assemblies lowers the initial invest- . See showing how and wh 
I é g y 


Annin offers the best 


ment and cuts inventory requirements. 
buy in control valves. 


CUT 
INVENTORY 


50% be Jy Control 
~ 7 VALVES 


THE ANNIN COMPANY 3500 Union Pacific Avenue 


Los Angeles 23, California 
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temperature and flow instruments, 2- 
percent accuracy is easily attained; 
1 percent with laboratory grade in- 
struments.—I/ndustrial Engineering 
Co., Island Rd. at Suffolk Ave., Phila- 
delphia 42, Pa. 

Mention No. 356 when filling out card. 


Ultraviolet Source 


New “Black Light Unit” in 3660- 
angstrom range comprises a quartz 
high-pressure mercury are tube in a 
sealed beam. Visible light is eliminated 


' 
by means of a Corning filter which 
transmits only bands in region of 3660 
angstroms. Unit can be supplied for 
flood or spot focus and swivel arm al- 
lows adjustments in practically all di- 
rections and positions.—Cooper Hewitt 
Electric Co., 720 Grand St., Hoboken, 
Nd 

Mention No. 357 when filling out card. 


Portable Oven 


New “Model PL2A” portable elec- 
tric oven is 8-compartment unit fea- 
turing operating cost of less than 5 
cents per hr., adjustable temperature 
control to 325 F., fan-driven forced 
circulation, and temperature control. 
Inside dimensions: 28.5 in. wide, 24 








in. deep, 20.5 in. high. Insulation is 
asbestos ‘‘Aircell.” Specifications can 
be varied. Oven can be equipped with 
outside-reading thermometer, timer, 
pilot light, and thermostat control. 
Grieve-He ndry, Inc., 1815 W. Lake 
tx Chicago iz. 20. 

Mention No. 358 when filling out card. 


Flash-point Tester 


New “Fisher/Tag” model of Pensky- 
Martens closed-cup tester, for standard- 
ized flash-point determinations of fuel 
oils, is available in gas- and electric- 














l 


heat versions with heater an integral 
part of assembly, all other components 
mounted on same tripod support. On 
electric model (illustrated), a variable 
transformer permits precise heat-input 
control.—Fisher Scientifie Co., T17 
Forbes St., Pittsburgh 19, Penna. 
Mention No. 359 when filling out card. 


Universal Testing Machines 


New models of maker’s “60-H” and 
“12-H” universal testing machines 
(60,000 and 12,000 |b. capacity re- 
spectively) embody three major 
changes: (1) clear space between 
columns has been increased from 10 
to 15 in.; (2) machine built as single 
unit with separate framework for 
gage panel to prevent transmission of 
shock of breaking specimens; (3) ma- 


FEATURE 


Something new 
in Precision 
Potentiometers .. . 


. . the standardization of a Non- 
Linear Precision Potentiometer, the 
type RVP3-S59 Sine-Cosine potentio- 
meter, one of the many types stand- 
ard with the Technology Instrument 
Corporation, performs two opera- 
tions in a single potentiometer assem- 
bly .. . two wipers spaced 90 degrees 
apart yield both sine and cosine 
outputs. 


1. Total resistance: 20,000 ohms 
plus or minus 5 per cent 
between terminals 1 and 3. 
Accuracy: Plus or minus .5 per cent 
of the peak to peak amplitude 
Maximum voltage: Conservatively rated 
as 80 volts between terminal 1 and 3. 
Life: Guaranteed for at least 500,000 
complete cycles in either 
direction at 30 rpm 
Potentiometer base: 3” diameter, 
precision machined aluminum 
Resistance Element: Karma wire with 
temperature coefficient of .00002 
parts per degree centigrade 




















TIC standard potentiometers have 
the same built-in precision and crafts- 
manship normally found only in cus- 
tom-built products. Research, 
engineering and design facilities for 
special constructions and non-linear 
or linear functions are an integral 
part of TIC services. Submit your 
potentiometer problem, whether the 
need is for standard or custom design. 


TECHNOLOGY INSTRUMENT CORP. 


549 Main Street Acton, Mass. 
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TUBE COST DATA 
you’ve always wanted! 


Most comprehensive and accurate purchas- 
ing and cost-analysis tool in tube history! 
Product of over 2 years’ research. 
Covers every tube type and crystal 
manufactured in U.S.—from tiniest 
crystal to largest transmitting tube 
including... 

Amperex * Bomac « Chatham « Cetron 
Du Mont « Eimac * Federal * General Electric 
Hytron * Industro * Lewis & Kaufman 
Machlett * National * National Union 
North American Philips * Philco « Raytheon 
RCA «+ Sperry « Sylvania * Taylor *« Tung- 
Sol * United * Western Electric * Westinghouse 
Tells list prices and your current costs for 
over 4,000 tube types! Kept up-to-date 
by State Labs’ famous Weekly Mar- 
ket Guides mailed free to all owners 
of the Tube Buyers’ Guide. In loose- 
leaf form, alphabetically and nu- 
merically indexed for quick, easy 
reference. 


PRAISED BY INDUSTRY LEADERS 


Says WL L Urquhart 
President, W . Urgu 
hart, inc. one of Amen 
a's leading electronic 
tube exporters 

“Without doubt your 
new 1953 U.S. Elec- 
tronic Tube Buyers’ 
Guide contains the most 
extensive tube cost in- 
formation ever to hit 
the tube markets of this 
country. It's invaluable 
to me — I wouldn't be 
without it for a day.” 


for YOUR copy-USE the COUPON! 


This Tube Buyers’ Guide is necessarily 
Purchasing Agents, Manufac- 
turers, Industrials, Government Agencies, 
Distributors, Exporters. Please fill out the 
coupon in full and attach to your letterhead 


Note 
restricted to 


FSTATE LABS, INC. _ dept. 1m 
37 East 28th St., New York 16, N. Y. 
I send me your FREE 1953 U.S. Electronic 
I tube Buyers’ Guide. 
NAME 
Prince 
J company NAME 
J avvress 
Jcity STATE 
Nature OF COMPANY BUSINESS 


! State Labs, Inc., 37 E. 28 St., N.Y.C. 
MUrray Hill 3-9802 
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NEW INSTRUMENTS 


with either two 
indicator dials 





chines are available 
“Emery” 16-in.-diam. 
or “Tate-Emery” indicator with 3 
ranges on a single 24-in. dial.—Bald- 
win-Lima-Hamilton Corp., Philadel- 
phia 42, Pa. 

Mention No. 360 when filling out card. 


NUCLEONICS 


Decade Sealer 


New “Model 180 Rediscaler” is a low- 
cost decade scaler incorporating only 
necessary operating features for mini- 
mum radiolaboratory work; can be 





used with all standard G-M probes and 
sample counters; is said to be ideal as 
initial equipment in low-budget radio- 
isotope laboratories, or for manual 
counting applications or standby use 
in larger laboratories. G-M input sensi- 
tivity is 0.25 volt. Stabilized high volt- 
age has less than 0.05 percent variation 
for line voltage changes of 1 percent 
between 95 and 130 volts.—Nuclear 
Instrument & Chemical Corp., 229 W. 
Erie St., Chicago 10, Il. 


Mention No. 361 when filling out card. 


Pulse Integrating System 


New ‘Model E-3” pulse integration 
system, primarily designed for fast 
neutron radiation studies, consists of 
a multiple-channel discriminator which 
injects pulses into a sealing system in 
a manner that weights then: according 
to their amplitude. Resulting summa- 
tion of this digital conversion furnishes 
a precise indication of integrated pulse 
current. When system is set up for 


} 


f 
| 





fast-neutron dosimetry, gamma pulses 
are eliminated by pulse-amplitude dis- 
crimination. Non-directional counters 
designed to approximate a tissue equiv- 
alent cavity can be supplied. Provisions 
can be made for local or remote oper- 
ation and automatic preset time count- 
ing with data recorded. A_ precision 
pulser can also be suppled for checking 
over-all operation.—Radioactive Prod- 
ucts, Inc., 443 W. Congress Street, 
Detroit 26, Mich. 
Mention No. 362 when filling out card. 


Sample Spinner 


New “Model PM-1” sample spinner 
for fast radioactive sample prepara- 
tion consists of a constant-speed turn- 
table which rotates sample pans of up 
to 2-in. diam. at 20 rpm. Air dryer 
attachment, (“Model PM-2”) can be 
attached and provision is made for 
connecting a compressed-gas supply 
so that air or gas is directed down- 
ward and across sample from a thin 
slot around inner periphery of “air 
ring.” Additional attachment (‘Model 
PM-3”) is available for positioning 
infrared lamp over turntable. 
Nuclear Instrument & Chemical Corp., 
229 W. Erie St., Chicago 7, Iil. 

Mention No. 363 when filling out card. 


Isotope Comparator 
New 


“Isotope Comparator,” de- 
signed primarily for medical radio- 
active tracer work, has ten Geiger 
tubes banked in parallel on rear panel 


to give high counting efficiency over 
six ranges of sensitivity necessary 
for making many rapid comparisons 
of samples with a contro] standard, 
directly in percentage of stronger 
source. A sliding shield is provided 
for beta discrimination.—The Vic- 
toreen Instrument Co., 3800 Perkins 
Ave., Cleveland 14, Ohio. 


Mention No. 364 when filling out card. 


Automatic Sample Changer 


New “Model C-110 Roto-Matic” 
sample changer for isotope labora- 
tories utilizes a three-position “Auto- 
load” turn-table which selects a sam- 
ple, places it in counting position 
within 2-in. lead shield, and loads it 
into storage sample magazine when 
count is completed. Up to 50 samples 
can be counted, cycle repeated, or 
background radiation count recorded. 
Unit incorporates eight preset count 
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7 MEET THE NEED “ili 


FOR FAST, ACCURATE i 
TRANSMISSION OF MEASUREMENTS... 


ASHCROFT PNEUMATIC TRANSMITTERS 


Measurements of pressure, temperature, differential pressure, flow and 
liquid level must be transmitted quickly, accurately and safely to 
assure the efficiency required by modern process engineering. Ashcroft 
Pneumatic Transmitters more than fill those requirements—contribute 
greatly to the perfect performance demanded of vital instrumentation 
at one or more remote control centers. 
Ashcroft Transmitters are ideal for all process industries and power 
stations—wherever it is desirable to confine high pressures or inflam- 
mable, poisonous or corrosive liquids and gases close to their source. 
They are also highly suitable where fire or explosion hazards make 
electrical wiring objectionable, or where the existing source of com- 
pressed air can easily be used. 
Built into Ashcroft Transmitters are many design advantages proved 
through years of experience in manufacturing pressure gauges. They 
operate on low-pressure air—transmit proportionate air pressures to 
ASHCROFT PNEUMATIC PRESSURE one or more pressure-actuated receiving indicators, recorders and 
TRANSMITTER with two 2-inch gauges, controllers up to 1000 feet away with accuracy within 42 of 1%. Expen- 
one reading “Air Supply,” the other sive, high-pressure lines and fittings, with all their leakage and main- 
“Transmitted Air.” Other types avail- tenance problems, are avoided. 
a Ree a ad Write for details about Ashcroft Pneumatic Transrnitters. Or ask your 
nearby Instrument Distributor for complete data on all types. 


YOUR INSTRUMENT DISTRIBUTOR carries Manning, Maxwell & Moore prod- 
ucts because he wants to be sure you get the best in quality, performance 
and economy. You can depend on him for prompt service. 


ret 3 eT eee 
my “en. “oe < 
A product of MANNING, MAXWELL & MOORE, INC. stratford. CONNECTICUT 


MAKERS OF ‘ASHCROFT’ GAUGES, ‘HANCOCK’ VALVES, ‘CONSOLIDATED’ SAFETY AND RELIEF VALVES, 
‘AMERICAN’ INDUSTRIAL INSTRUMENTS. BUILDERS OF ‘‘SHAW-BOX’’ AND ‘LOAD LIFTER’ CRANES, 
‘BUDGIT’ AND ‘LOAD LIFTER’ HOISTS AND OTHER LIFTING SPECIALTIES. 
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NEW INSTRUMENTS Inspection Goniometer 
New “G-12 Goniometer Collimator,” 
when attached to machine tools or 
used for inspection, makes all types 
of angular measurements; eliminates 





For Remote 
or Automatic 


Control... 


settings; may also be controlled by a 
preset time or preset count scaler, o1 
will provide preset tine operation with 
any scaler and a suitable timer. 

Nuclear Instrument and Chemical 
Corp., 229 W. Evie St., Chicago 10, Til. 


Mention No. 365 when filling out card. 


FULL-PORTED 
FOR INSTRUMENT SHOP 
a On @ 
. — oe | cnol TT use of sine-bar techniques; requires 
Solderless Te rminal Tool no calibration. Being self-aligning, it 
DEPENDAB g: New “AMP Certi-Crimp” hand tool can be clamped to any convenient sup- 
; crimps solderless terminals to wires port without requiring mounting on 
for pressures to having thin-walled insulation. Unique special bed. Parts can be checked 
3,000 psi wire positioner stops stripped wire in at inspection rate of several per min- 
proper place and prevents insulation ute to a sensitivity of better than 





from being inserted in terminal barrel. 0.002 degree, even by inexperienced 
operators.—Safe Flight Instrument 


Terminal guide orients terminal cor- 
rectly in tool jaws; terminal barrel- Co., White Plains, N. ¥ 

stop positions terminal at pave Crem Mention No. 368 when filling out card. 
ing area. Aircraft-Marine Products, 

Ine., 2100 Paxton St., Harrisburg, Pa. 


Mention No. 366 when filling out card. 


Atkomatic Solenoid Electric 
Valves are available in sizes 
from 14 inch to 3 inches, and 
for pressures to 3,000 psi. Ad- 
justable timing on the closing 
stroke is available on all valves 
up to pressures of 300 psi. 

Designed with only three 
moving parts and no external 
linkage, wear and maintenance 
are greatly reduced. Availability 
for normally opened or nor- 
mally closed operation makes it 
possible for the valve to fail 
safe in the event of power 
failure. 

Atkomatic Solenoid Electric 
Valves are made with standard 
coils of paper insulation, vacu- 
um impregnated and baked for 
resistance to moisture, or glass- 
insulated coils for higher tem- 
peratures, 


Inspection Collimator 


Electronic Micrometer New “Jackknife Auto-Collimator’ 
fcr precise measurement of angles, 


New “Model W Electronic Microm- parallelism and surface quality of 
eter” permits measurements to 0.00002 metals, plastic, or glass, can be used 
in. without any measuring pressure be- 
ing exerted on the work. Instrument 


oF 


, 





‘ 


Write for more complete 
information 


For all your Solenoid Electric Valve 
Requirements, Look to... 


* 
tkomatic * = oe 
| measures directly: is not a comparator. oe P e 
Measuring head comprises an extreme- ” : 
TO LENO Cad ly accurate micrometer screw. An elec- 
| tronic circuit, sensitive to 5-microinch jn routine machine and optical shop 


displacement at micrometer tip, gives operations with an accuracy better 

E L E i T fe } Cc | a visual indication at moment of con- than 6 seconds of arc.; is used directly 
| tact but before pressure is exerted. against any surface which reflects a 

VA LV E & “Model W” is especially designed for beam of light; requires no special 
measuring diaphragms and bellows; _ skill. Its optical characteristics are the 

supplements other models used for same as those of an 80-mm. diam. 
measuring thin paper, fine wire, foil, telescope with a focal length of 960 
ete.—J. W. Dice Co., Englewood, N. J. mm. and an aperture of f/12. Stand- 
Mention No. 367 when filling out card. ard eyepiece has 12-mm. focal length 


ATKOMATIC VALVE COMPANY 


555 Abbott Street Indianapolis 25, Indiana 


Page 372—Instruments—Vol. 26 





giving 80X magnification; others avail- 
able-—The Perkin-Elmer Corp., Nor- 
walk, Conn. 


Mention No. 369 when filling out card. 


Corrective Balancing Device 


New unit, for milling operations that 
are required to make corrections on 
piece parts that are to be put in bal- 
ance, represents a simplified method of 


335 


correction by milling where removal 
of weight is required and drilling is not 
feasible. Arrangement consists of a 
milling attachment mounted on a 
ground work table with coolant trough. 
Fixture for piece part to be corrected 
is mounted on ways and moved against 
an end mill in milling attachment. Man- 
ual feed screw, with graduated color 
for measurement of stock removal, pro- 
vides for quick and simple operation. 
—Taylor Dynamometer & Machine Co., 
Milwaukee, Wis. 


Mention No. 370 when filling out card. 


Torque-limiting Wrench 


New “Proto” precision torque-limit- 
ing wrench without usual external 
indicating devices employs a_ fully- 
enclosed spring under compression as 








== 3 


principal torque-controlling element; 
has a_ micrometer-type adjustment. 
Models with a built-in reversible ratch- 
et head are available. Desired torque 
is set by turning handie, “just like a 
micrometer.” When right torque is 
reached by pulling handle, wrench re- 
leases automatically and signals oper- 
ator with a positive reflex action. Upon 
removal of hand pressure, torquer re- 
sets automatically for next operation. 
Six models available—three with ratch- 
et head and three with plain head. 
Capacities 5-75 or 10-150 ft.-lbs; drive 
sizes 3y in. or ly in. Plomb Tool Co., 
Washington & Santa Fe, Los Angeles 
54, Calif. 
Mention No. 371 when filling out ca-d. 


Torque-wrench Testers 


New “Models 71 and 73 Torque 
Trainer-Testers” are said to “provide, 
for the first time, a visual means of 
gaging torque accuracy.” They are rec- 
ommended for training personnel. They 
are guaranteed accurate within 2 per- 
cent of full-scale reading. “Model 71” 


\ 
| 
| 
] 


|| 


i= This TRERICE 
SJ) Self-Operating Controller 


I 7 


4 


| Paid for itself in 
Sixty Days! 


WJ 


installed in a Detroit office building. 


“ 


Two small air compressors, cooied by %4 water lines, operate 
seven days a week — one at night, the other during the day. Meters 
provide a close check as to the amount of water uséd. After install- 
ing a Trerice self-operating temperature controller, a check showed 
a saving of over 48,000 cubic feet of water in two months (as com- 
pared to figures for the previous year). Savings amounted to $90.91 


—and the Trerice instrument cost but $87.30. 


You, too, can enjoy real savings like these. While this is a cold 
water application, it would be equally effective to contro! steam to 
hot water tanks, pasteurizers, pre-heaters, storage rooms, vats, plat- 


ing tanks, cookers, feed-water heaters, water jackets, etc. 


Yes, | want more information on a Trerice Self-Operating Tem- 
perature Controller 


NAME 

COMPANY. 

ADDRESS 

CITY ___ LONE_. STATE. 


4 0 TRERICE C0 1420 W. LAFAYETTE BLVD. 
& ® j s DETROIT 16, MICHIGAN 
Manufacturers of Temperature Instruments BRANCHE N PRINCIPAL TIF 


Since 1923 
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NEW INSTRUMENTS 





(pictured in use) is designed for heavy- 
duty torque wrenches; has a range of 
0 to 350 foot-pounds. “Model 73” ac- 
commodates all standard-duty torque 
wrenches, is calibrated in inch-pounds 
and in ranges from 0 to 1200 inch- 
pounds. Both models are designed for 
wall mounting. A portable carrying 
case is available for “Model 73”. 
Dep’t 7, B. K. Sweeney Co., 1601 23rd 
St., Denver, Colo. 

Mention No. 372 when filling out card. 


ELECTRICAL 
INSTRUMENTS 


Chain Pulse Amplifier 

New “Model 214B Chain Pulse 
Amplifier” employs fourteen 6AH6 
vacuum tubes to obtain maximum out- 
put voltage of 125 volts over band- 





width of 200 cps. to 90 Me.; has a 
pulse gain of 30 db and a rise time 
of better than 0.006 microsecond. 
Frequency response is flat within 1.5 
db from 500 cps. to 80 Mc. Phase re- 
sponse is substantially linear within 
pass band. Output connection, at end 
of 15 in. of coaxial cable, fits neck of 
a CRT or is connected to other equip- 
ment without alteration or special 
connectors. Two output impedances: 
500 and 5000 ohms; 180-ohm input 
impedance approximately matches im- 
pedances of “Model 202P Wide Band 
Chain Amplifier.” Rack mounting 
available on special orders.—Dep’t IN, 
Spencer-Kennedy Labs., Inc., 186 
Massachusetts Ave, Cambridge 339, 
Mass. 


Mention No. 373 when alling out card. 


THE FRUITS OF 


“KNOW HOW” 


GROUND THREAD WORMS 


SPIRAL BEVEL GEARS 


5 


MMMM MMMM 
RUAKER CITY ( oREAR WORK CORRECTION 


D-c. Indicating Intruments 


In the description of the new “Grei- 
bach Meters” (Columbus Products 
Corp., 1010 Saw Mill River Rd., 
Yonkers, N. Y.) on page 68 of our 
January issue, there was a misprint: 
“1 ma. full-scale” should read “1 wa. 
full-scale.” 


> 


BETHAYRES, PA. CHAPEL HILL 0800 





| 
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convenient for 


Standard Inductors 


New “Type 1482 Standard Induc- 
tors” are offered in 1-2-5 unit values, 
standardizing and 
laboratories. Adjust- 


measurement 


ment is made to nominal accuracy of 
).1 percent of absolute inductance ex- 
cept on two smallest units. After ad- 
justment, units are packed in granu- 
lated cork with silica gel for dehydra- 
tion, and cast with a potting com- 
pound in aluminum cabinet for her- 
metic sealing. Inductance is entered 
on calibration certificate with d-c. re- 
sistance, temperature coefficient, etc. 
(Temperature coefficient is small and 
needed only in high-precision work.) 

General Radio Co., 275 Massachu- 
setts Ave., Cambridge, Mass. 

Mention No. 374 when filling out card. 


Time-mark Generator 


New “Type 190 Low-Frequency 
Time Calibrator” is a synchronous- 
motor-driven device furnishing pulses 
at intervals of 0.01, 0.1, or 1.0 sec- 


TZ 


ond, for use with oscilloscopes and 
recording equipment. Pulse amplitude 
is about 1.5 volts. Size is 54 x 3% x 
3 inches.—Owen Laboratories, 9150 
Orion Ave., San Fernando, Calif. 
Mention No. 375 when filling out card. 


Carrier Telegraph System 
New “Type 24C” amplitude-modu- 
lated carrier telegraph equipment per- 
mits either physical or carrier-derived 
voice circuits to be economically di- 





Telecomputing 
announces a new advance in 


automatic data reduction... 


“ LINEAR 
CALIBRATOR 


automatically calibrates record measurements 


as they are made 


Working with the Universal Telereader 
and Telecordex, the Linear Calibrator 
calibrates film and oscillograph records 
simultaneously as they are measured, 
. eliminates the need for a separate, 
Min i Wh _¢ time-consuming computing operation in 
8889-90 9 : &§ many a of problems. | 
ae Organizations whose data reduction 
meee equipment includes a large digital 
computer also use the Linear Calibrator 
to relieve overloads, as well as 
eliminate separate computing operations. 


The Linear Calibrator is the newest in 
Data is now measured, computed and recorded simultaneously... —Telecomputing’s family of instruments 


The Universal Telereader The Linear Calibrator applies separate With the addition of the designed to turn the work of hours 
measures film and oscillo- linear calibrations (f(x) = a + bx) to Telecordex, the digitai infor- 
graph records by means of motions of the two crosswires of the mation from the Linear Cali- 
X and Y crosswires, elec- Telereader. The answers may be read _ brator can be tabulated on an 
tronically transmits the data from dials on the front panel of the electric typewriter and/or 
to the Linear Calibrator... Linear Calibrator or... punched into IBM cards. 


into minutes for engineers and scientists. 


Specifications on these Telecomputing Instruments 
will be mailed you upon ;equest. Coupon below 
is for your convenience. 


Mr. Preston W. Simms, Dept. 1-3 
Telecomputing Corporation, Burbank, California 


Dear Sir: Please send me specifications on the Linear Calibrator, 
Universal Telereader and Telecordex. 





CORPORATION 


BURBANK, CALIFORNIA 


Name 





Company 





Street Address City and State 





From Alden’s Line of Ready-made Components 
for Unitized Plug-in Unit Construction: 


No more blind connectors 


Y # 462-1 
ay’ 
— 


ALDEN »«« 


BACK CONNECTORS 


Get accessible central 
check point for all incoming 
and outgoing leads 


Color coding 


Accessible 
uncongested 
solder terminals 


EASY SERVICING, 

RAPID CIRCUIT CHECKS 

Solder terminals carily accessible and uncon- 
gested for multiple contact wiring. Color-cod- 
ing on baek connector, corresponding to lead 
color, identifies cach lead for instantaneous 
check to main circuit or trunk line 


\ | J 
\j— 
Permit direct 
efficient wiring 
EFFICIENT CIRCUIT WIRING 
Connectors can be mounted where desired—to 
allow for isolation of critical voltages or fre- 
to provide most direct wiring from 
to eliminate rat-nest 


Avoid conventional 
rats nest wiring 


quencies 
component to connector 
wiring of conventional methods 


Generous 


bell-mouthing 


Floating 
clip action 


EASY INSERTION AND REMOVAL 
Made possible by large bell-mouth entries and 
ample float of rugged live-action beryllium 
copper contacts. Wide mating tolerances elimi- 
nate critical unit alignment problems 


Stacked 


Gy 
i e > 
ed Boss hole 
_ i 


Flush Skscren hole 
EASY MOUNTING 


Single screw for mounting flush or stacked 
Molded locating boss positions and locks con- 
nector in place on unit when flush mounted 
boss accurately lines up and positions con- 
nectors together in stack mounting 


SEND FOR FREE SAMPLES 
also request free “Alden 

Handbook’’ 226 pages of 

techniques and components 

to help you design your 

equipment for Unitized Plug- 

in Unit Construction. 


Cas 
Sem)) HLo€n Paooucts Co. 


Qe 
137 N. Main St., Brockton 64, Mass. 
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NEW INSTRUMENTS 


vided into up to 18 duplex telegraph 
channels derived from a single four- 
wire circuit or up to 9 duplex tele- 
graph channels derived from a single 
two-wire circuit. Derived channels can 
be used for teleprinter service, re- 
mote control, etc. Frequency alloca- 
tions and levels are compatible with 
other widely-used carrier telegraph 
systems.—Lenkurt Electric Co., Coun- 
ty Road, San Carlos, Calif. 


Mention No. 376 when filling out card. 





Pistol-grip Volt-ohmmeter 

New 
meter 
illuminating area under test; 
probe; and trigger range 


“Meta-Gun” is a_ volt-ohm- 
in gun form. Built-in light for 
flexible 


selector, 


Figs 


permit work to be done with one 
hand. Two models are available: ‘‘Mod- 
el 3A,” 1,000 ohms/volt sensitivity; 
“Model 3B,” 20,000 ohms/volt sensi- 
tivity. Both have voltage ranges of 
10, 100 and 1,000 d.c. and a.c.; operate 
on four pen-lite cells; weigh 2 lbs. 
Jersey City Technical Laboratory, 880 
Be rgen Ave., Jersey ity 6, N. J. 

Mention No. 377 whea filling out card. 

VTVOM 

New “Knight” vacuum-tube volt- 

ohm-milliammeter kit has 29 ranges, 


including 6 for measuring a-c. peak- 
to-peak volts, 6 milliampere ranges 


and 5 capacitance ranges. Frequency 
response is 2.5 Me. One zero setting 
for all d-c. ranges. Special 
available for extending d-c. range to 
30,000 volts and for extending a-c. 
range to read RF to 200 Mc. Conven- 
ient zero-center indication for use in 
FM alignment. All voltage functions 
electronically protected against burn- 
out.—Allied Radio Corp., 833 W. Jack- 
son Blvd., Chicago 7, Ill. 


Mention No, 378 when filling out card, 


probes 


Band-pass Filter 


New “Model 310-A” adjustable band- 
pass filter has unity pass gain and 24 
db/octave slopes outside pass band. A 
peaking factor is used to reduce at- 


tenuation at cut-off frequencies. High 
and low cut-off frequencies are inde- 
pendently adjustable from 20 eps. to 
200 ke. to provide maximal flexibility 
of adjustment of both band-center fre- 
quency and band width.—Krohn-Hite 
Instrument Co., 580 Massachusetts 
Ave., Cambridge 39, Mass. 


Mention No, 379 when filling out card. 


Two-way Radio Tester 


New “Type ST-13-A” frequency 
and modulation meter for use in main- 
tenance of two-way radio systems 
measures modulation swing and car- 


rier frequency of FM transmitters; 
features both high and low RF out- 
put for receiver alignment. It is avail- 
able with either one or two crystals, 
for servicing single or two-frequency 
systems in low, medium and_ high 
bands; with or without a crystal oven, 
and with crystal tolerances ranging 
from 0.0005 to 0.0025 percent. Oven, 
available in 38 and 75 deg. C. ratings, 
is powered from any external 6-volt 
power supply. Instrument is avail- 
able in several models, each having 
different limits of operation.—Dept. 
N-14, Inquiry Se ction, General El C- 
tric Co., Electronics Park, Syracuse, 


Ns 2s 
Mention No, 380 when filling out card, 


Resonance Meter Outfit 


New “Resonance Meter’ comes in 
a carrying case that includes: (1) basic 
resonance grid dip meter, (2 & 3) im- 
pedance and inductance measuring 
units, (4) RF detector probe, and (5) 
self-contained power. Resonance meter 
instrument is battery-operated and 
suitable for use in field, laboratory or 
shop. Impedance measuring accessory 
covers a range of 50 to 500 ohms and 
is a tuned-circuit resistance substitu- 
tion device that relies upon RF de- 
tector probe as its detector. Reactive 
and resistive values can be measured 
and sign of reactance determined. In- 
ductance measuring accessory is a Va- 
riable capacitor calibrated in capaci- 





tance and inductance, has chart of 
measuring frequencies etched on acces- 
sory case. RF detector probe has a self- 
contained d-c. amplifier and assures 
clear-cut measurement of many closely- 
shielded circuits that cannot be meas- 
ured by conventional grid dip methods; 
can also be used as a RF “snooper,” 
checking neutralization and unwanted 
sources of oscillation, transmission-line 
voltage distribution, etc. Probe can be 
used independently of oscillator por- 
tion of grid dip instrument. Set pro- 
vides for direct crystal control] for gen- 
eration of precise marker frequencies; 
precision calibration from 2.4 to 205 
Mce., and easily-read tuning scales plug- 
in with each coil.—Electronics Div., 
Premier Mfg. Co., 948 N. Russell St., 
Portland 12, Ore. 


Mention No. 381 when filling out card. 


Spark-plug Tester 


New spark-plug firing indicator is 
useful for diagnosing a number of ig- 
nition ailments. Improvements include 


a needle probe for testing spark plugs 
having terminals equipped with pro- 
tective rubber boots and a new method 
of mounting high-intensity neon tube 
to decrease shock damage. 
Spark Plug Co., Toledo, Ohio 
Mention No. 382 when filling out card. 


Phase Meter 


New “Type 202 Vectorlyzer” may 
be used to measure vector sum or dif- 
ference of two voltages, phase angle 
between two voltages, or imaginary 
and real components of an unknown 
voltage in terms of a reference volt- 
age; also for measurement of a volt- 
age across two points, both above a-c. 
ground potential. Can be used with 
oscillator to determine magnitude and 
phase angle of an unknown imped- 


Cha mpton 





(LORD mountines protect instRuMENTs 
aud. ELECTRONIC EQUIPMENT 
from VIBRATION aed SHOCK DAMAGE ° ¢ * 


—s 


Visration and shock are natural enemies- of_electronic 

-, ripen : pay eat 
equipment and precision instruments .. . To control the damage 
which these enemies can do, Lord Vibration Control Mountings 
and Bonded Rubber Parts are used to very profitable advantage. 
More than a quarter century’s experience in dealing with vibra- 
tion and shock is yours when you take advantage of Lord engi- 
neering assistance. The result of such consultation is full pro- 
tection for electronic units and sensitive instruments by correctly 
designed and precisely manufactured Lord Mountings and 
Bonded-Rubber parts. 











DALLAS, TEXAS 
413 Fidelity Union 
Life Building 
DETROIT 2, MICHIGAN NEW YORK 16, NEW YORK CHICAGO 11, ILLINOIS 
7310 Woodward Ave. 280 Madison Avenue 520N. Michigan Ave. 


LORD MANUFACTURING COMPANY « ERIE, PA. 


BURBANK, CALIFORNIA 
233 South Third Street 


PHILADELPHIA 7, PENNSYLVANIA DAYTON 2, OHIO 
725 Widener Building 410 West First Street 


ERIE, PENNSYLVANIA 
1635 West 12th Street 


head: quarte rs Jor 
VIBRATION CONTROL 
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PALMER © yar 


MERCURY ACTUATED 
Dial Thermometers now in three 
types to suit any requirements 


PATENTED 


Full 41/7," dial face. 
Stem can be placed 
at any angle and 
case can be rotated 
to any readable 
position. 


Rigid Stem Dial Ther- 
mometer tapered bulb, 
interchangeable with 
standard industrial ther- 
mometer separable socket. 
(As illustrated above.) 


Wall Mounted Dial 
Thermometer with 
flexible connecting ar- 
mor, Case adjustable to 
easy reading position. 


Flush Mounted Dial 
Thermometer for pan- 
el mounting with flex- 
ible connecting armor, 


All three types have a full 
4," dial face. 


for accuracy: Mercury actuated .. . Fully Com- 
pensated by Invar Compensaton. Guaranteed 
Accurate 1 scale division. 

for angularity: Can be adjusted to most read« 
able position at any angle desired, 

for readability: Bold Black Numbers ...11” of 
scale Reading Dial face can always be placed 
in easiest readable position. 

for interchangeability: Always specify 
PALMER" Separable sockets as they are inter- 
changeable for Dial or Industrial type Ther- 
mometers. 


Send for Bulletin 51-129 for details on 
the New Palmer Dial Thermometer. 


THERMOMETERS, INC. 
Cincinnati 12, Ohio 


Mfrs. of Industrial Laboratory 


Recording and Dial Thermometers 


Norwood Ave 


Page 378—Instruments—Vol. 26 


44) 


ance. Frequency range is 8 cps. to 2 
Mc. through panel binding posts, 20 
ke. to 500 Me. through probe. Input 
impedance at probe is 2.5 uuf shunted 
by 100,000 ohms; at binding post, 14 
uuf and 1 megohm. Voltage ranges 
through panel binding post are 0.06, 
0.6, 6, 60, or 600 volts full-scale. 
Phase-angle range: 0-180, or 180-360 
degrees. (Other phase ranges with 
better angular sensitivity can be ar- 
ranged through panel adjustment.) 
Accuracy is 2 percent through panel 
binding posts and 1 db. through probe. 

Advance Electronics Co., P. O. Box 
394, Passaic, N. J. 

Mention No. 383 when filling out card. 


D-c. Calibrator 


New “Electronic D. C. Calibrator” 
corrects automatically, in true time, 
telemetering-system non-linearities. 
By use of a paper calibration mask, 


cut to geometric representation of de- 
sired function, both transducer non- 
linearities and errors inherent in 
ground receiving equipment can be 
corrected, thus furnishing an imme- 
diate calibrated output for display or 
recording purposes. Calibrator oper- 
ates on input signals frem d.c. to 1 
ke. with over-all accuracy of approx. 
1 percent of full scale; is designed 
around a 16-in. cathode-ray tube so 
that masks can be cut directly. It can 
be used also as an arbitrary function 
generator.—Benson-Lehner Corp., 
2340 Sawtelle St., Los Angeles, West 
64, Calif. 

Mention No. 384 when filling out card. 


Motor Control 


New “Electronic Variable Speed 
Drive” for frac.-hp. motors consists 
of electronic adjustable-speed-control 
unit driving a series motor; provides 
stepless range of speed contro] with 
good speed regulation under varying 


, 


loads. With optional “Dual Range’ 
feature, speeds from 100 to 3500 rpm. 
are available. Unique drive utilizes a 
series motor which makes use of both 
a-c. and d-c. output from a single 
thyratron tube, resulting in “higher 
speeds at medium torque, higher start- 
ing torque at slow speeds, longer tube 
life, and lower tube replacement 
costs.”” Inherent compensation is 10 
percent of line voltage and 5 percent 
of speed; full voltage compensation 
available as extra feature.—The Ar- 
row-Hart & Hegeman Electric Co., 
103 Hawthorne St., Hartford 6, Conn. 
Mention No. 385 when filling out card. 


VALVES 


Flow-limiter Valves 





New excess flow or flow limiter 
valves are adaptable as automatic 
drain or dump valves. They allow 
flow in one direction up to a preset 


rate and shut off tightly to prevent 
higher flow, while allowing unre- 
stricted flow in opposite direction. 
Among instrumentation applications: 
lines from containers of inflammable 
or corrosive substances to meters or 
gages; to protect a low-rate flow- 
meter connected in parallel with a 
high-rate flowmeter, etc. Valves are 
made to order; availability is normal- 
ly 60 days or less.—James-Pond-Clark, 
2181 E. Foothill Blvd., Pasadena 8, 
Calif. 

Mention No. 386 when filling out card. 


High-pressure Servo Valves 


New “Model 
operated contro] valves for follow-up 
booster-type positioning systems are 
offered in a variety of horsepower 
and flow ranges for system pressures 


CO” mechanically- 


up to 3000 psi. Features; linear flow 
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.-e Thanks to a W&T Precision Instrument 


FEATURES: 


e Scales are made with a precision dividing machine 
e Precision bore tubing provides accuracy with inter- 
changeability 
Float type indicator eliminates difficulty in reading 
meniscus 


Mercury-sealed valve permits evacuating the tube 
easily and quickly 


If you have a problem in the measurement or control 


W&T of pressure, write today for additional information. 


PRECISION 


MERCURIAL WALLACE & TIERNAN 
a PRODUCTS, INC. 


ELECTRICAL MECHANISMS AND PRECISION INSTRUMENTS 


Belleville 9, New Jersey e Represented in Principal Cities 
In Canada, Wallace & Tiernan Products, Ltd. — Toronto A-92 
PEELS eRe Sh REE: emer Ser Homi 


March 1953-—Instruments—Page 379 








ey MOR caning he Org crn tt 
: P ae 7 
% 


ADVANCE 
RELAYS 


precise 
Circuitry 


There are many reasons 
why Industry specifies 
ADVANCE RELAYS: They 
meet or surpass Military 
and Civilian require- 
ments — many types have 
AN approval— many are 
hermetically sealed — all 
are lightweight — small — 
rugged — compact — and 
all are precision-built for 
efficient, trouble-free, 


long life performance. 
. 


If you have relay problems 
involving contact loads, 
coil resistances, close 
differential, timing 
features, input sources, 
critical environment or any 
particular requirements 
involving unusual or 
accurate circuit behavior, 
ADVANCE can supply 

the relay. 


. A complete line of relays 
for radar, radio, electroni¢ 
and electrical equipment 
applications. 


Write for new, descriptive 
Catalog containing 
detailed information about 
ADVANCE Relays 

J and facilities. 


DVANCE ELECTRIC 
AND RELAY — 
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555 


output; precision adjustment of pis- 
ton-land and sleeve-port spacing for 
optimum neutral-position character- 
istics; nitralloy moving parts; pistons 
lapped to bores.—Hydraulic Controls 
Co., 87 Terrace St., Roxbury 20, Mass. 


Mention No. 387 when filling out card. 


Small O-ring-seal Valves 


New “Throttleseal” valve is available 
in globe or angle type, in \%4-in. and 
Y%-in. sizes for gases, vapors and liq- 
uids to 3000 psi. at temperatures from 


40 F. to 225 F. It is new in design 
and operation, using O-rings for posi- 
tive shut-off and incorporating throt- 
tling plug-spindle and micro-adjusting 
rising stem for controlling volumetric 
flow-rate to than one percent of 
effective flow area.—Daniel Orifice Fit- 
ting Co., Los Angeles 23, Calif. 


less 


Mention No. 388 when filling out card. 


MECHANICAL 
COMPONENTS 





Vacuum Connectors 


New line of connectors for joining 
vacuum-system tubular elements in- 
cludes: (1) “Type CHV,” for making 
a vacuum-tight metal-to-glass connec- 
tion, is especially useful for making 
a leak-proof seal with glass stem of a 
vacuum gage, is hand-tightened, per- 
mits rapid connection or disconnection. 
(2) Metal-to-metal connectors fitting 





standard tubings of steel, stainless steel, 
copper, etc. (3) “Cenco Universal Vac- 
uum Release Valve” providing a fast 
and convenient means of admitting air 
to a vacuum system, may be connected 
by welding, brazing or soldering to 
metal tube of the vacuum system and, 
if desired, may be mounted on a panel 
or through a plate.—Central Scientific 
Co., 1700 Irving Park Road, Chicago 13, 
Til. 


Mention No. 389 when filling out card. 


Thermocouple Fittings 


New standard “Swagelok” tube fit- 
tings are available in fractional sizes 
for holding thermocouples. Connectors 


are bored completely through at one 
diameter; can be furnished in a wide 
variety of sizes from % in. up in brass, 
aluminum, steel, stainless steel and 
Monel.—Crawford Fitting Co., 884 E. 
140th St., Cleveland 10, Ohio. 


Mention No. 390 when filling out card. 


Variable-speed Drive 
New “Type 3B” miniature variable 
speed changer has lever speed con- 
trol for either local speed settings or 
remote control with connecting mech- 





CrayNEN 
MIPE LINE Al TERS 





DESIGNED FOR. 
LOW PRESSURES 
UP TO 40 psi 


DOLLINGER CORPORATION, 101 Centre Pk., Rochester 3, New York 





(1 e 
 STAYNEW 


IN A SMALL, LOW PRESSURE PIPE LINE FILTER! 













» DIE-CAST ALUMINUM 
HEAD AND BASE PLATE 
Light weight, rust-free service 





orS-) | 10), 10) 0) a 


Strength, long life 


© CAST IRON CENTER CORE 
For Economy of Construction 
- RUBBER. GASKETS 


Positive seal 


ABSORPTION PAD 
MEDIUM IN AA MODELS 
Radial Fin Insert in 

CH Models 


ONE-BOLT ACCESSIBILITY 
Ease and speed of i 


Taby eleva llelsMeelsreMarcrelallale] 


BRASS DRAIN PLUG 
To remove condensate 
without shutting down line 


FOR THE FIRST TIME... small, practical pipe line filter can be 
specified for installations requiring only 40 psi maximum pressures 





for compressed air or gas. Staynew’s new low pressure models-fea- 

ture greatly reduced weight and. improved, simplified construction 

plus the many outstanding advantages of all Staynew Pipe’ 

Line Filters. = . Ta 

Properly installed, these Staynew Filters provide long, trouble: 
Ar& service; remoting thedast traces of foreign mattey, condeysed = 


SEND for new Small Pipe 
D / , “Line Filter Bulletin cony 
taining complete engineer 


oil and moisture from compressed air or gas lines/ 


ing and performance data. 


ee CORPORATION 
101 Centre Pk., Rochester 3, N.Y. 





ALL TYPES OF FILTERS FOR EVERY INDUSTRIAL NEED 











Nowhere in the world 


will you find an exhibition, 


specialising in instruments and 


instrumentation, of the size and scope of 
THE BRITISH INSTRUMENT INDUSTRIES EXHIBITION 


Every field of instrumentation in Industry, Medicine, Research and 
Education is covered. You will be able tosee all classes of temperature, 


pressure and flow controllers for industrial use, complete equipment 


for sea and air navigation and land surveying, British equipment for 


the research laboratory in pure and applied science, and precision 


equipment in such diverse fields as metrology and photography. 





IT’S CORONATION YEAR! 
Accommodation should be booked as 
early as possible. If you require any 
assistance, or an official catalogue of 
the exhibition if you are unable to 


come, write to the Organizers :— 





F. W. BRIDGES & SONS LTD., GRAND BUILDINGS, TRAFALGAR SQUARE, LONDON, WC.2 


TELEGRAMS & CABLES 


The full scope of the products of the British Instrument 
Industry will be revealed at this exhibition. Present users of 


instruments and industrialists, whose problems might be 


solved by appropriate instrumental control, will find a visit 


to this exhibition extremely rewarding. 





PHONE: WHITEHALL 0568, 


SEGDIRB, RAND, LONDON 
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anisms. Lever are of 63 degrees pro- 
vides changes of speed over 25-to-1 
range; can be oriented independently 
of pointer.—Metron Instrument Co., 
432 Lincoln St., Denver, Colo. 


Mention No. 391 when filling out card. 


ELECTROMECHANICAL 
COMPONENTS 


Rotary-switch Assemblies 


New extremely small multiple ro- 
tary switch assemblies are designed for 





aircraft use but adaptable to various 
a-c. or d-c. switching applications. II- 
lustrated is a ganged assembly of 
seven “V3” basic switches with 
s-p.d-t. contact arrangement, 4-3/4 
inches long. Detent mechanism pro- 
vides a positive feel of each position. 
Cam combinations can be used to give 
any desired sequence. Sea-level d-c. 
rating of assembly for inductive and 
heater load is: 30 volts, 10 amps. 
Micro Div., Minneapolis-Honeywell 
Regulator Co., Freeport, Ill. 


Mention No. 392 when filling out card. 


Sealed Aircraft Contactors 

New sealed solenoid contactors are 
available in 50-, 100-, 200- and 250-amp. 
units (at 28 vde.), complying with 
MIL-R-6106. Resonance meets MIL, AN 
and JAN requirements for all jet air- 
craft. Units are available for ambients 
up to 120 C. Tests for 50 G shock are 
equalled or exceeded. Intercnangeabil- 
ity enables easy conversion of older 





INSTRUMENTS 
ALL IN OWE 


8 PYRO 


Ahi 


The IMPROVED PYRO Surface Pyrometer 
handles all surface temperature measuring 
jobs. Has selection of & types of thermocouples ; 
all interchangeable in seconds with no recali- 
bration or adjustment. Automatic cold end 
compensator, shock, moisture, and dustproof 
Accurate, big 4%” indicator. Available in 5 
temperature ranges. Get FREE catalogue #168. 


BETTER TEMPERATURE CONTROL 
FOR NON-FERROUS FOUNDRIES 


The PYRO Immersion Pyrometer is shock, 
moisture and dustproof, immune to magnetic 
influences, Shielded steel housing. Instantly 
interchangeable bare metal and protected type 
thermocouples without adjustment or recalibra- 
tion. Large 4” scale. Equipned with exclusive 
Lock Swivel. Get Free Catalogue 7155 


THE PYROMETER INSTRUMENT CO. 
New Plant and Laboratory 
BERGENFIELD 4, NEW JERSEY 


Manufacturers of 
PYRO Optical, Radiation, Immersion and 
Surface Pyrometers for over 25 years. 
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COMPACT 


RUGGEDLY 
BUILT 


EASILY 
ADJUSTED 


ACCURATE 


TYPE R-24 


SMALL COMPACT PRESSURE 
REDUCING REGULATOR 


For Steam, Gas or Air Service 


PRESSURE TO A PREDETERMINED 
LOW PRESSURE 
RECOMMENDED FOR INLET PRESSURES 


UP TO 400 LBS AND REDUCED PRES- 
SURE FROM 3 TO 10 LBS. 


press A VARYING OR HIGH 


The Wilgus —NGE Type 24 regula- 
tor is available in three sizes—%2”, 
4%” and 1”. All three sizes use the 
same inner valve and valve body. 
Valve size is increased or decreased 
by simply changing the valve seat 
only and using the common inner 
valve. Valve bodies are built of high 
tensile iron for gas or air and of 
bronze for steam service. Large dia- 
phragm is of Nylon inserted Neo- 
prene for gas and air and of Monel 
for steam. Valve seat and spring are 
of stainless steel. Regulator is sturdy 
and precision made throughout. 
FREE BULLETIN. The Type 24 regula- 
tor is fully described and illustrated 
in Wilgus ~NGE Bulletin No. 617, 
Write for your copy today. 


Manufactured by 


Ugidd MANUFACTURING CO. 
LOS ANGELES, CALIFORNIA 


Sold Nationally by 
Natural Gas Equipment, Inc. 


190 East Glenarm St., Pasadena, Calif. 
Available from 
Automatic Specialties Co., Pittsburgh, Penna. 
Gulf Coast Machine & Supply Co., Houston and 
Beaumont, Texas 
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aircraft to latest sealed-circuit require- 
ments. Units are designed also to with- 
stand any conceivable installation dam- 
age. All are wired from top to avoid 
inaccessibility during  installation.— 
Guardian Electric Mfg. Co., 1621 W. 
Walnut St., Chicago 12, Ill. 

Mention No. 393 when filling out card. 


Float Switches 


New float switches are available in 
many different configurations; some in- 
clude relays to handle heavy electrical 
loads, others are designed for complete 


submersion in fluids. Units can be sup- 
plied with single- or dual-level systems, 
each system comprising a magnetically- 
operated switch hermetically sealed in 
a glass tube. Actuating Alnico magnet, 
in counterweight of a statically-bal- 
anced float assembly, is positioned by 
float, opens 01 switch at levels 
pre-set at factory.—Dep’t 70, Revere 
Corp. of America, Wallingford, Conn. 


closes 


Mention No. 394 when filling out card. 


Rheostat Tandem 
Coupling Kits 


Two new rheostat tandem coupling 
kits enable purchasers to mount certain 
of maker’s standard reostats in tan- 


dem. Each kit consists of a steel “U” 
frame, mica washer, coupling, Allen 
wrench, and assembly instructions.— 
Ohmite Mfg. Co., 4886 W. Flournoy 
St., Chicago 44, Ill. 


Mention No. 395 when filling out card. 


Miniature Switches 


New miniature switches, for at- 
tachment to maker’s standard variable 
composition resistors (volume con- 
trols), are 7/8 in. at their widest 





i 8 





diameter and 9/32 in. deep exclusive 
of terminals; are Underwriters ap- 
proved.—Electronic Components Div., 
Stackpole Carbon Co., St. Marys, 
Pe nid, 


Mention No. 396 when filling out card. 


Miniature PM Motors with 
Unitized Accessories 

New PM motors for d-ce. 

service, available in various adapta- 

tions and with various accessories, 

are for use in servo system, instru- 


series of 


mentation gear, etc. Illustrations 
show: (1) basic motor in round piloted 
form with pinion output shaft; (2) 
same motor with square flange mount- 
ing; (3) with double end shaft out- 





* 


New eyes for American 


**X-ray Diffraction is an indispensable instru- 
ment in any study involving crystal structure. 
It is @ magnificent industrial tool for deter- 
mining the course of chemical reactions in the 
manufacture and use of materials. It is a key 
unit in our search for better methods and im- 
proved products, because it provides basic 
information on component structure that can be 
obtained in no other known way.'' 


Nor ° 
@ Chief of Analytical 


Research for “Johns- 
Manville 


Serving Science 
and Industry 


SS 


SS 
\ \\ —— 
*, 


\ 


T THE great Johns-Manville Research 
A Center at Manville. N. J... Noreico 
X-ray Diffraction equipment shows what 
happens when building materials are ex- 
posed to heat. cold, wear. 

It plays a star role in development of new 
products and improvement of the old. It’s 
the “trouble-shooter” for manufacturing 
and sales departments. It identifies mate 
rials, reveals flaws, serves as the court of 
last appeal for Johns-Manville scientists. 

It helps to maintain the leadership of 
Johns-Manville in providing new and bet 
ter building materials for its nation-wide 
and world-wide market. 


Innumerable Applications 
Noretco X-ray Diffraction equipment 
shows us the atomic world we live in... 
paves the way to better food, clothing, shel 
ter, and medical care... indicates ways to 
conserve our resources and broaden our 
sciences. It permits non-destructive analy- 
sis which is impossible for chemistry. 

The North American Philips Company 
welcomes your questions about possible 
diffraction uses in your company. Also 
write for free 60-page catalog. Applications 
now being accepted for fall term of the 
Philips Diffraction School (October), En- 
roll now or write for details. 


Dept. IM-3 * 100 East 42nd St., New York 17, N. Y. 


In Canada: Rogers Majestic Electronics Ltd., 11-19 Brenteliffe Road, Leaside, Toronto 17. Ontario 


puts; (4) gear unit available in same 
size to a ratio of approx. 76000/1 and 
for various torque loads; (5) combina- 
tion of motor and gear unit; (6) mag- 
netic brake; (7) combination motor, 
gear and brake; (8) all-enclosed 
shielded motor; (9) combination of 
motor and governor for constant-speed 
service. Motors are 1% in. in diam- 
eter; accessories are of unit type con- 
struction to fit. Basic standard motor 
is 1% in. long, weighs less than 3.5 
oz., is capable of a power output to 
approx. 15 watts at 27.5 v.dc.; modi- 
fications are available for power out- 
puts to 25 watts, for various voltages 
and speeds; also special forms.—Pa- 
cific Instruments & Controls Co., 2315 
Westwood Blvd., Los Angeles 64, 
Calif. 
Mention No. 397 when filling out card. 


100-cps. Motor-generator 


New 400-cycle motor-generator for 
servo systems weighs 4 oz., is 0.9 in. 
in diameter. Phase voltage of motor 
is 26 volts; maximum stall power 2.6 
watts per phase; minimum. stall 
torque 0.3 in.-oz. Output of generator 


is 0.834V/1000 rpm; excitation power 
2.0 watts maximum: 5-deg. phase 
shift working into 100,000 load, and 
20-mil maximum null with 10-mil 
maximum swing.—Transicoil Corp. 
107 Grand St., New York 13, N. Y 


Mention No. 398 when filling out card. 


Printed Circuit 


New “Circuitron” printed circuit 
uses novel method of bonding pattern 
to insulating base; conductive pattern 
can be run from one side of base ma- 
terial to other by plating through 
holes, maintaining circuit continuity 
without eyelets or hardware. This per- 
mits crossovers, design flexibility, and 


» HERCULES a 


. U.S. Pat. Off. 


" STEEL TYPE 
« HOLDERS 


8 for interchangeable numbering 
@ in a straight line. Make serial or 
g random numbering easy. 


just 
press thumb- 
clip, insert 
“Heavy-Duty” 
Shoulder- Style 
Steel Type, 
hold over posi- 
tion and hit 
with a ham- 


mer 
| 


® Furnished with round shank for 

press use also. Other models avail- 
8 able for marking convexed or 
@ concaved surfaces—with stand- 
ag ard type. 


@ Write fer latest literature and price lists. 


CY, 


y 


a 

P| , 

@ 3-11 MORRELL ST. 
a 

& 


ELIZABETH 4, NEW JERSEY 4 
‘'The Original Marking Specialists'' 
See eeeveewewaeaas @& 
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POTENTIOMETERS 


— 


precision 
IN MINIATURE SIZE 


Electro-Mec Laboratory specializes in 
potentiometers of extreme accuracy, 
low torque*, and small size, engi- 
neered for each individual application. 
Close coordination between engineering 
and manufacturing provides laboratory 
quality and performance in production 


quantities, one or a thousand. 


The “know-how” and facilities are 
also available for the solution of 
non-standard potentiometer design 
problems. For more information please 
write or telephone the Engineering 


Department. HAnover 2-3155 


* Torque in the range of .003 to .100 
oz. in., Resolution te 1300 turns of 
wire per inch, Linearity to .1%. 


cTRO ME, 
sOR ATOR 


"G" stability and 
Minimum Torque. 
High resolution 
and Linearity. 
Resistances 20 to 
200,000 ohms. 








type 1398 


Servo Mounting. 
t Ultra-low torque. 
| Maximum accu- 


na _ racy in Minimum 
1.062 size. 


type we 


Computer accu- 
racy and Highest 
Resolution Low 
torque of .025 
oz. in. 


CTRO-MEC 
BORATORY 


19 MURRAY STREET 
NEW YORK 7, N. Y. 
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easy adaptation to single-dip solder- 
ing. Metals of any specified thickness 
can be used for conductive circuit; 
pattern can be overplated with nickel, 
silver, rhodium or gold. Can be sup- 
plied with solder or tin coating, cus- 
tom-engineered, and in quantity. 
Circuitron, Inc., 400 Ninth St., Ho- 
boken, N. J. 


Mention Ne. 399 when filling out card. 


Miniature Relay 


New “Class S” miniature relays are 
available in a hermetically-sealed en- 
closure. Unit measures 2-1/32 x 31/32 x 
1-1/2 in. and weighs 1-7/8 oz. Mount- 


ing studs may be arranged on base or 
narrow side of housing. Relay was de- 
signed for minimum inductance and 
maximum make-and-break speeds; 
meets or betters all provisions of MIL- 
R 6106; withstands extremes of shock, 
temperature and vibration.—Automat- 
ic Electric Sales Corp., 1033 W. Van 
Buren St., Chicago 7, Ill. 
Mention No. 400 when filling out card. 


Plate-circuit Relay 


New “Type C” snap-action plate- 
circuit relay features positive chatter- 
free circuit opening and closing under 


slowly increasing or decreasing cur- 
rents; employs a “Type BA2R” snap- 
acting switch particularly suitable for 
inductive loads and those involving 
high inrush current; is practically im- 
mune to shock, vibration, or tilting. 
Single-pole contacts can be wired for 
n-o. or n-c., are rated for 20-amp. 
steady state currents and 75-amp. in- 
rush currents on alternating voltages 
up to 460. Available also in hermeti- 
cally-sealed plug-in case.—Thermo In- 
struments Co., 1109 El Camino Real, 
Belmont, Calif. 
Mention No. 401 when filling out card 


Decade Attenuator 
New “Series 790 Attenuation Net- 
work” for gain and loss measurements 
on filters, transformers, amplifiers, 
ete., in both audio and video range, is 
i 


a 
| 
] 


- sali 





a direct-reading precision non-induc- 
tively wound attenuation network de- 
signed for range 0 to 1 Mc. Range 
may be extended to 10 Me. if external 
leads are properly shielded. Each de- 
cade dial provides 11 positions or 10 
steps of attenuation; each individual 
decade is shielded in a brass case and 
all decades are grounded to panel. 
Dep’t AT, The Daven Company, 191 
Central Avenue, Newark 4, N. J. 
Mention No. 402 when filling out card. 


Hermetically-sealed Relay 


New “Series 22300” hermetically- 
sealed relay is electrical and mechan- 
ical equivalent of an AN 3304-1 in a 
package that is 50 percent smaller 


and lighter. Maximum contacts are 6 
Form A or 4 Form C: 3 ampere 28 
volts d.c.; maximum coil resistance 
5000 ohms; minimum operating power 
0.75 watts for 4 Form C contact form. 
Available in AN 3304 type enclosure 
for dynametor or low-capacitance ap- 
plication.—R-B-M Div., Essex Wire 
Corp., Logansport, Indiana. 
Mention No. 403 when filling out card. 


Shock-proof Relay 


New “PR9100 miniature 
hermetically-sealed d-p.d-t. relay 
weighs 3.5 oz., meets shock require- 
ments of MIL-E-5400, withstands con- 


” 
series 





tinuous acceleration of 50 G without 
malfunctioning. Certain contact com- 
binations can be furnished with a re- 
quired coil power as low as 20 milli- 
watts and any relay in this series can 
be obtained with a coil resistance as 
high as 15,000 ohms.—Phaostron Com- 
pany, 151 Pasadena Ave., South Pasa- 
dena, Calif. 


Mention No. 404 when filling out card. 


Movable CRO Table 
New “Type 2602” movable table for 
mounting cathode-ray oscilloscopes has 
a top which can be tilted from hori- 


zontal plane to angles up to 20 degs. 
for convenient viewing of ’scope from 
either a sitting or standing position.— 
Allen B. Du Mont Laboratories, Ine., 
1500 Main Ave., Clifton, N. J. 


Mention No. 405 when filling out card. 


POWER SUPPLIES 





Plug-in Power Supplies 


New “Mini-Pack” is a small se- 
lenium reetifier source of power, de- 
signed to plug into a standard a-e. 
receptacle. “Model R” gives 108 volts 


485 


regulated low-ripple d-c. with an OB2 
voltage-regulator tube. ‘Model P” 
is a voltage-doubler 10-watt source of 
low-ripple d-c.; no-load voltage out- 
put, 330 volts; at 50 ma., 200 volts.- 
Jersey City Technical Laboratory, 880 
Bergen Ave., Jersey City 6, N. J. 
Mention No. 406 when filling out card. 


Regulated Power Supply 


New “Model 1520” regulated d-c. 
power supply has high-voltage supply 
continuously variable from 0 to 1500 
volts and delivers 0 to 200 ma. In 
range 30-1500 volts, output voltage 
variation is less than 0.5 percent for 









































13” x 16" x 14” 
60 Pounds 








w- 


g fl 24 = 
ANOTHER EXAMPLE OF 1. mZeamzan PIONEERING... 


The LAB PULSESCOPE, model S-5-A, is a 
compact, wide band laboratory oscilloscope for the 
study of all attributes of complex waveforms. The 
video amplifier response is up to 11 MC and pro- 
vides an equivalent pulse rise time of 0.035 micro- 
seconds. Its 0.1 volt p to p/inch sensitivity and 
0.55 microsecond fixed delay assure portrayal of 
the leading edge when the sweep is triggered by 
the displayed signal. An adjustable precision cali- 
bration voltage Is incorporated. The sweep may 
be operated in either triggered or repetitive modes 
from 1.2 to 12,000 microseconds. Optional sweep 


/WATERMAN PRODUCTS CO., INC. 


WATERMAN PRODUCTS INCLUDE 


PHILADELPHIA 25, PA. 
CABLE ADDRESS: POKETSCOPE 


ry 
WATERMAN PRODUCTS 


expansion of 10 to 1 and built-in markers of 0.2, 
1, 10, 100, and 500 microseconds, which are auto- 
matically synchronized with the sweep, extend 
time interpretations to a new dimension. Either 
polarity of the internally generated trigger voltage 
is available for synchronizing any associated test 
apparatus. Operation from 50 to 1000 c.p.s. at 115 
volts widens the field application of the unit. These 
and countless additional features of the LAB 
PULSESCOPE make it a MUST for every elec- 
tronic laboratory. 





S-4-A SAR PULSESCOPE 
$-11-A INDUSTRIAL POCKETSCOPE® 
S-12-B JANized RAKSCOPE® 
S-14-A HIGH GAIN POCKETSCOPE 
"$-14-B WIDE BAND POCKETSCOPE 
$-15-A TWIN TUBE POCKETSCOPE 
Also RAYONIC® Cathode 


Ray Tubes and Other 
Associated Equipment 
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CHEMIQUIP 


MERCURECEIVER 


Takes The Snags Out 
of Manometer Operation 
Chemiquip'’s New Mercureceiver 
traps mercury blown from man- 
ometers, prevents loss of mercury 
at normal operating pressure. 
Captured mercury is removed 
from the container by draining 
or blowing it back into the man- 
ometer with the application of 
more than 25 psi pressure 
¢ Smooths out pressure impulses 
end fluctuations 
* Dampens surges and pulsations 
e Filters actuating media 
e Gives steady average pressure 
readings 

© Achieves equilibrium readings in 
5 seconds or less 

© Fashioned of corrosion-resistant 
moly or stainless steel! 

© Quick installation 

© Easy dismantling for cleaning 

Produced by the Makers 
of the Famous 

Chemiquip Pressure Snubber. 


CHEMIQUIP CO. 


460 West Broadway 
New York 12, N. Y. 





one week 
delivery 


¢ DISCS 
¢ PANELS 
¢ STRIPS 


Fabricated to 
specifications 


Ask for price 
list. 


HERMES Plastics, Inc. 


13-19 University Pl. N.Y. 3, N.Y. 
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line fluctuation from 105 to 125 volts 
and load variation from minimum to 
maximum current. Ripple voltage is 
less than 30 mv. peak to peak.—Aepco 
Laboratories, 131-38 Sanford Ave., 
Flushing 55, N. Y. 

Mention No. 407 when filling out card. 


Regulated Power Supply 


New “Model 2” 300-vde. regulated 
power supply is conservatively rated 
0-1 amp. Ripple combined with noise 
and jitter 1/3 mv. or less. Impedance 


] 
4 


i 
; 


#9 


e ———— . 
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level 1/20 ohms or less down to zero 
frequency throughout load range. A 
15-microfarad oil capacitor is incorpo- 
rated directly across output terminals. 
Eastgap Co., 285 Columbus Ave., 
Boston 16, Mass. 
Mention No. 408 when filling out card. 


Regulated Power Supply 


New “Model MR532-15” magnetic- 
amplifier-regulated power supply has 
no electronic components, is rated at 


5 to 32 volts d.c. and 15 amps contin- 
uously. Regulation accuracy is 1 per- 
cent for d-c. load variations from no- 
load to full-load; unit is also stabil- 
ized for a-c. line variations from 105 
to 125 volts. Maximum ripple is 1 
percent. Unit has 44%2-in. ammeter and 
voltmeter. Bench-type cabinet can be 
utilized for 19-in. rack panel mount- 
ing. Additional feature is a magnetic 
circuit breaker on d-c. side with time- 
delay provision.—Perkin Engineering 
Corp., 345 Kansas St., El Segundo, 
Calif. 
Mention No. 409 when filling out card. 


12-y. D-c. Power Supply 


New “Model C-12 Filtered DC Pow- 
er Supply” is specially designed to op- 
erate and test new 12-volt and present 
6-volt auto radios; also electrical and 


BS 


electronic equipment in trucks, tanks 
and other mobile units on land or 
water; also laboratory instruments, 
relays, solenoids, etc. It provides 0 to 
16 volts, 0 to 8 amperes continuous 
service and up to 12 amperes at inter- 
mittent loads. Less than 3 percent rip- 
ple at 8 amperes. Variable voltage for 
full range. Choke input type filter. 
Bridge type selenium rectifiers. “‘Su- 
perior Model 10 Powerstat” for in- 
cremental voltage adjustment.—Elec- 
tro Products Labs., 4501 N. Ravens- 
wood Ave., Chicago 40, IIl. 

Mention No. 410 when filling out card 


ELECTRICAL AND ELEC- 
TRONIC COMPONENTS 





Precision Voltage Dividers 


New “Dekapot Model DP-211” pan- 
el-mounting precision voltage-divid- 
ing resistors are said to achieve a new 
order of accuracy: linearity better 
than 0.01 percent and total resistance 


7 
i 





better than 0.05 percent. Units have 
two decades of fixed resistors and an 
interpolating slidewire to accomplish 
voltage division. Dial arrangement 
gives effective scale length of 390 in. 
(equivalent of 100-turn helical volt- 
age divider). Digits of a given setting 
are read directly in a horizontal line 
on flat face of “Dekadial.” Resistance 
wire used has temperature coefficient 
less than 0.002 percent per degree C. 
Available in total resistances of 10,- 
000 ohms; other values on _ special 
order.—Brown Electro-Measurement 
Corp., 4635 S.E. Hawthorne Blvd., 
Portland, Ore. 


Mention No. 411 when filling out card. 


Miniature Carbon-film-type 
Precision Voltage Divider 


New “Type 105” infinite-resolution 
variable voltage-dividing resistor in- 
corporates “Type 103” carbon-film 
resistance element; selahe lL Of.e. Ts 


z pan 


Single 


said to be “the smallest packaged po- 
tentiometer ever produced which will 
permit such continuous mathematical 
operations as the performance of 
sine-cosine, logarithmic, trigonometric, 
square and square-root functions with- 
out loss of resolution.” Newly devel- 
oped intermal trimming operation, 
performed to meet customer’s loading 
conditions, often permits eliminating 
isolating or coupling amplifiers. Taps 
can be provided without changing lo- 
cal voltage ratio. Multiple assemblies 
without backlash are available. 
Micromax Co., 1964 Utica Ave., Brook- 
lyn, N. Y. 


Mention No, 412 when filling out card. 


Continuous-rotation VDR 


New “Type CR” continuous-rota- 
tion voltage-dividing resistor has 
service-life expectancy of over a mil- 
lion cycles (in resistances under 5000 
ohms); meets JAN-19-R_= specs; is 


| 


Actual 
Size 


“tHE Nl and DRY 
© Tndustrol 


Backed by years of experience, 
INDUSTROL Dynamic Dehumidifiers 
have been especially designed to 
provide clean, dry instrument air, at 
low cost. With their use a drastic re- 
duction of instrument maintenance 
is made possible. Costly instruments 





can last longer, operate at maximum 
efficiency. 


Perfect heat distribution built into 

the design of these units assures 

excellent regeneration. To care for 

future needs, units are so designed 

that larger chambers can be installed 

with minimum effort and expense, 

should unit capacity need to be increased 


[ndustrol DYNamic Dehumidifiers 


offer these advantages: 
© Simplicity of design ¢ Minimum maintenance 
e Ease of installation © Complete dependability 


© Superior type of desiccant © Compact, economical, 
—easily replaced without rugged 
dismantling unit © Sizes—35 - 1500 cfm. 


© Perfect regeneration—steam or electric 


SEND FOR — new illustrated Bulletin DD- 
140 describing INDUSTROL 
Dehumidifiers and how to 
size @ unit to fit your re 


quirements 


Sussioimry or i: 
Trinity EquipMENT Corr 4 


A494 Westfield Ave., East 
; CORP. OR AT 1ON E scmen we liad 
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MODEL 78FM 
86-108 mc 


Also Available For 
Other Frequency Ranges 


MANUFACTURERS OF 
Standard Signal Generators 


Square Wave Generators 
Vacuum Tube a 
ise & 
UME Svongtn meters 
L-C-R Bridges 
Megohm Meters 
Megacycie Meters 
intermodulation Meters 
TV & FM Test Equipment 


75 ke. deviation. 





~ BOUNDARY DISPLACEMENT 
MAGNETIC RECORDING 
DELAY LINE 


FREQUENCY RANGE —any five-octave band between 5 cps 
and 30.000 cps, with appropriate drum speed. DELAY—up to 
1000 wavelengths of information storage per channel; 200- 
second delay maximum at 5 cps—proportionately less with 
increase in frequency. NUMBER OF CHANNELS—1 to 16 
MAGNETIC DRUM NON-CONTACT RECORDING —eliminates 
wear of recording medi m; permanent drum recording sur- 
face may be used indefinitely. BOUNDARY-DISPLACEMENT 
TECHNIQUE — provides a high degree of amplitude linearity; 
minimizes modulation effects due to non-homogeneity of 
recording medium or slight variations in head-to-drum 


Spacing. SEND YOUR DELAY-LINE REQUIREMENTS to: 


Division of Hemington Plane. 


1902 West. Minnehaha Ave.. Dept. 1-2, St. Paul, Minn 
DIGITAL COMPUTERS « DATA HANDLING SYSTEMS « MAGNETIC 


STORAGE SYSTEMS « INSTRUMENTS » ANALOG MAGNETIC 
RECORDING SYSTEMS » COMPUTING SERVICE 
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1 to 100,000 


MICROVOLTS 
Variable Output 
With Negligible Carrier Leakage 
MODULATION: 400 cycle internal audio 
oscillator. Deviation directly calibrated: 0 
to 30 kc. and 0 to 300 kc. Can be modu- 
lated from external audio source. 
Audio fidelity is flat within 2 db from dc to 
15,000 cycles. Distortion less than 1% at 


The Model 78FM 
when used with 
Measurements 
Model M-275 
Converter pro- 
vides output in the 
IF ranges of 4.5, 
10.7 and 21.7 mc. 
Circular 
on Request 


MEASUREMENTS CORPORATION 


BOONTON NEW JERSEY 








for SAFE 


Temperature 


CONTROL 


The Burling Pneumatic Temperature 
Control gives EXTRA protection, ex- 
tra safety, where accurate, unfailing 
control of temperature is needed. 


It may also be used as a high tem- 
perature cut-out on existing control 
equipment. Any standard pneumatic 
control pressure up to 50 psi can 
be used to operate a diaphragm type 
valve or motor. Suitable for temper- 
atures from low sub-zero to plus 


1800° F. 


Burling Instrument Co. 


9 Vose Ave. South Orange, N. J. 
Temperature Controls since 1935 











NEW INSTRUMENTS 


available in resistance values from 
2 to 20,000 ohms, 1.5-watt power rat- 
ing. Linearity, 0.5 percent; resistance 
tolerance, 2 percent (0.5 percent 
when specified).—F'ord Engineering 
Co., Upland, Calif. 





Mention No. 413 when filling out card. 


Subminiature Wire-wound 
Voltage-dividing Resistor 


New “Model 120 Trimpot,” said to 
be smallest mass-produced  wire- 
wound voltage-dividing (pot) resistor, 
is adjusted by turning exposed slotted 


shaft with a screwdriver; maintains 
electrical settings during severe shock 
and vibration. Standard resistances, 
250 to 10,000 ohms. Power, 0.25 watt. 

Bourns Laboratories, 6135 Magnolia 
Ave., Riverside Calif. 


Mention No. 414 when filling out card. 


Ganged VD Resistors 


New “Model 85193 Gangpot” is a 
1.125-in.-diam. multiple-section volt- 
age-dividing resistor available in as- 
semblies of one to six sections. Me- 
chanical shaft rotation is 360 deg. 


473 


continuous. Resistance values, 500 to 
70,000 ohms per section. Standard 
linearity tolerance is 0.5 percent for 
each section and non-linear outputs 
are available on special order.—G. M. 
Giannini & Co., Ine., 117 E. Colorado 
St., Pasadena 1, Calif. 


Mention No. 415 when filling out card. 


High-voltage Rectifiers 


New “Type V-75HF” and “Type 
V100HF” high-voltage selenium recti- 
fiers are designed with ferrule termi- 
nals for insertion into standard 30- 
amp. fuse clips. Diameter is 9/16 in.; 
“V75HF” is 3.25 in. long, “VIOOHF” 
is 4.156 in. long. Both deliver 5 ma. 
into a capacitive load at d-c. output 
voltages of 1500 and 2000 respectively. 
They meet JAN humidity, altitude, 
vibration and shock specifications.— 
International Rectifier Corp., 1521 
East Grand Ave., El Segundo, Calif. 


Mention No. 416 when filling out card. 





Does your plant 
have a smoke or 
fume problem? 

















ee xe.” 


..». THEN YOU NEED A 


BENDIX-FRIEZ AEROVANE* 


One of many Bendix- 
Friez precision instru- 
ments thot are solving 
many important prob- 
lems for industry. 


This finely-precisioned instrument pro- 
vides a continuous, electrically- 
written record of and 
velocity. It offers you the scientific way 
to get data that’s indispensable for working 
out smoke and fume control most effec- 
tively. Every day Bendix-Friez weather 
instruments . . . the accepted standard of 
comparison are proving that they 
can perform more and more valuable 
services for industry. Let us demonstrate 
how we can help you. 


accurate, 
wind direction 


*REG. U.S. PAT. OFF 


FRIEZ INSTRUMENT DIVISION of 


1408 Taylor Avenue * Baltimore 4, 
Export Sales: 


Bendix International Division, 72 Fifth Avenue, New York 11, N.Y. 


Precision Resistors 
New “Series 1160 and 1161” her- 
metically-sealed resistors feature 
shock-resistant construction; are in- 


r- 


Germani 

New germanium diode of novel de- 
sign and assembly techniques has in- 
ner housing of low-loss phenolic, and 
glass outer housing, whence moisture- 
resistance and exceptional electrical 
isolation from adjacent circuitry. Non- 
skid germanium crystal surface gives 


ae 
J ms 





‘ 





22 GAUGE 
WIRE TINNED 


Passaic anti 


A-Monel Clip Pins 

















8—Opaque Giass Outer Enclosure 
C—Low Loss Phenolic inner Enciosure 


D—Non-plated Germanium 


Maryland 


AVIATION CORPORATION 


for use as secondary stand- 
resistor elements in bridge net- 
works, voltage divider circuits, atten- 
uation networks, ete. Temperature 
coefficients as low as 20 parts per mil- 
lion, and accuracies as close as 0.05 
percent, are available-—Dept. HR, 
The Daven Company, 191 Central 
Ave., Newark 4, N. J. 

Mention No. 417 when filling out card. 


tended 
ards, 


Miniature Pulse-forming 
Network 

New “PFN 7030B”  pulse-forming 
network has impedance of 1050 ohms 
and forms 0.15-microsecond _ pulse. 
Units also available with pulse widths 
from 0.02 to 20 microseconds. Oper- 
ates in ambient temperatures from 


um Diode 
shock and vibration resistance. Welded 
anchor pins retain original whisker 
adjustment. Immediate shipment of all 
types.—International Rectifier Corp., 
1521 E. Grand Ave., El Segundo, 
Calif. 


Mention No. 418 when filling out card. 


¢ PF 
fla peo 


cae Remar 6 —e 7 IN. — 


@ Precision Formed Whisker 
F—Thermosetting Plastic Seal 
G—Tinned Copper Leods 
H— Welded Anchor Pins 


Your Helping Hand.. 


NEWEST . . . GREATEST 


Most Compl 
BUYING GUIDE 


For All Standard 
5 Electronic Equipment! 


BE! HUDSON 
@ Ny \ he] Cm 
. your helping hand for Everything in Elec- 
tronic Equipment. Over 196 pages of the latest 
in Radio, TV and Industrial Electronics. High 
Fidelity and PA Sound Equipment PLUS JAN 
type Electronic Components with latest JAN 
Cross-Reference Guide. Send for your copy... 
KEEP IT HANDY for ordering . . . It's Quick, 
Convenient . . . Time and Money Saving! . 
ONE Dependable Source — ONE Call for ALL! 





When you attend the IRE SHOW, you're invited to 
visit our uptown salesroom, adjoining Radio City 

. . Only 4% blocks from Grand Central Palace! 
Open until 9 P.M. during show time, March 23-26 


HUDSON 


RADIO & TELEVISION CORP. 


48 WEST 48th ST. © 212 FULTON ST. 


New York 6.N Y © Circle 64060 © New YorR 7. NY 





Send for 
FREE Catalog 
to Dept. AB-3 





Yye GS puise inversion 


re qm i paket 


MAGNETIC CORE CIRCUITS * 


The Versatile 


TYPE 130A1 
PULSE TRANSFORMER 


for Low-Power Applications 


SUPERIOR ELECTRICAL CHARACTERISTICS 
—Provides short rise time—small droop 
—appropriate impedance levels for oper- 
ation in low-power circuits. 
VERSATILITY—three winding design pro- 
vides option of impedance and turns 
ratios. 

CONVENIENT MOUNTING 

compact, through-panel ~ ’ 
mounting same as standard 
miniature tube socket. 
Immediate delivery on 
sample quantities. oo 
Write today for bulletin. 


ss of Memington Plana 
1902 West Minnehaha Avenue, Dept.|-2 © St. Paul W4, Minnesota 
DIGITAL COMPUTERS * DATA HANDLING SYSTEMS + MAGNETIC 


STORAGE SYSTEMS + INSTRUMENTS « ANALOG MAGNETIC 
RECORDING SYSTEMS + COMPUTING SERVICE 


7 
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send for 
catalog 


K ARN - CHEMICAL - EQUIPMENT - COMPANY 
518 DICKSON AVENUE : PITTSBURGH 2, PA. 





AMTHOR Dead Weight 
Pressure Gauge TESTER 


Type 452 


Modern design and construction puts 
this rugged precision instrument in a 
grade above the ordinary dead-weight 
testers 
Made in 14 ranges, to 10,000 Ibs. maxi 
mum 
We guarantee 1/10 of 1 percent accu 
racy in each range 
The Type 452 is designed for simplicity 
and compactness, It incorporates the 
newest refinements and improvements 
Adapters and tools are supplied, as well 
as either carrying case or protecting 
cover 
Immediate and intelligent at 
tention will be giren to your 
inquiries on all industrial 
speed measurement problems 


Drop ua a line today 


Amthor 
Testing Instrument Co., Inc. 


49a Van Sinderen Ave. Brooklyn, N. Y. 











Precision 
Potentiometers 


$+ 


_ 


SPECIALIZING 


in the design and 
manufacture of 


LINEAR MOTION 
POTENTIOMETERS 


and other potentiometric types of 
instruments for measuring accelera- 
tion, pressure, position, and other 


adaptations. 
Ask for free catalog. 


INSTRUMENTS 
383 North Foothill Bivd., 
Pasadena 8, Calif. 
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NEW INSTRUMENTS 


minus 65 to plus 105 C. (special 
models to 200 C.}. A resin potting 
compound gives resistance to corro- 
sion and moisture and improves elec- 
trical and physical characteristics.— 
PCA Electronics, Inc., 6368 De Long- 
pre Ave., Hollywood 28, Calif. 
Mention No. 419 when filling out card. 


Precision “‘Magie Tee” 


New precision “X” band hybrid 
junction, assuring isolation of —50db 
or better, is of precision machined 
rather than brazed waveguide fabri- 


— 480 


COLLINEAR COLLINEAR 
ARM SHUNT ARM ARM 


cation. Stub and septum matchirg is 
employed to provide a nominal VSWR 
of 1.05 at design center, and 1.185 at 
10-percent band extremes, using any 
arm as input terminal. (Better 
VSWR’s on special order.) Besides 
serving as a magic tee, it can be used 
as a highly-accurate power divider, 
in shunt or series tee configuration, 
by blocking appropriate arms. It is 
supplied with plain flange faces, in 
0.4 x 0.9-inch waveguide size in 
brass or aluminum. (Other sizes on 
special order.)—General Precision 
Laboratory, Inc., 63 Bedford Road, 
Pleasantville, N. Y. 


Mention No. 420 when filling out card. 


Pentode Amplifier 


New “Type 6145” sharp cut-off pen- 
tode amplifier designed particularly 
for use in electronic computers is said 
to provide advantages of “T-9 Lock- 
in” construction and unusually low in- 
ter-electrode capacitances. Filament, 
volts, 6.3; filament current, amperes, 
0.6; plate volts (maximum), 150; 
transconductance, micromhos, 10,000. 

Radio Tube Div., Sylvania Electric 
Products, Inc., 1740 Broadway, New 
York 19, N. Y. 

Mention No. 421 when filling out card. 





Metallized C-R Tube 


New “Type 5XP-AM” metallized 
cathode-ray tube has been incorporated 
in maker’s “Type 303-AH” cathode- 
ray oscilloscope, increasing light out- 
put from screen by more than 50 per- 
cent, preventing build-up of spurious 
charges on screen by successive tran- 
sients, and minimizing film fogging 
problem encountered when _ photo-re- 
cording with high-speed cameras. 
Allen B. Du Mont Labs., Ine., 1500 
Main Ave., Clifton, N. J. 


Mention No. 422 when filling out card. 


Rectangular C-r. Tube 


New “3XP” rectangular “Rayonic” 
cathode-ray tube for miniaturized os- 
cilloscopes is said to provide a light 
output four times greater and a ver- 


ne 


tical sensitivity twice that of com- 
parable cathode-ray tubes operating 
at similar anode potentials, without 
sacrificing low interelectrode capaci- 
tances; is suitable for high-frequency 
video work as well as low repetitive 
operation; is available in P1, P2, P7 
and P11 phosphors.—Waterman Prod- 
ucts Co., Ine., Philadelphia 25, Pa. 


Mention No. 423 when filling out card. 


Germanium Diodes 


New line of seven germanium diodes 
of hermetically-sealed glass variety, un- 
affected by humidity, altitude and ex- 
tremely low temperature, includes four 
electrically interchangeable with well- 
known standard types; others are new. 
All of them resist shock and vibration. 

Amperex Electronic Corp., 230 Duffy 
Ave., Hicksville, Long Island, N.Y. 

Mention No. 424 when filling out card. 


Electrolytic Capacitors 


New “Series 999 Microlytic” capaci- 
tors, said to be smallest electrolytic 
capacitors ever made, are availabie 
in three sizes and fifteen ratings, to 


~ 


Actual Size 


504 


serve in circuits of small amplifiers, 
hearing aids, transistor devices, ete.— 
Micamold Radio Corp., 1087 Flushing 
Ave., Brooklyn 37, N. Y. 

Mention No. 425 when filling out card. 


Wire-wound Resistors 
New “Midget” wire wound resistors 
are said to have been rigorously tested 
in some Armed Forces critical appli- 
cations; are enclosed in plastic jacket. 
Steatite winding forms have high in- 
sulation with low coefficient of ex- 


PROBLEM: 
PUMPING CORROSIVE CHEMICALS ? 
POSITIVE, AUTOMATICALLY-REGULATED FEED ? 
CONTAMINATION ? 
STUFFING BOX TROUBLE? 


SOLUTION: 


Daly) 


Celle CO puuumille 


PULSAFEEDER 








Chemicals successfully being handled include gum and sludge 
inhibitors, metal deactivators, anti-oxidants, dyes and stabilizers. 
Also those for boiler water or processing water treatment—concen- 
trated sulphuric acid, sodium sulphite, filter aid slurries, liquid 
caustic. For the Lapp Pulsafeeder is the positive-displacement pump 
for controlled-volume pumping of liquids which depends on no stuff- 
ing box or running seal—avoids contamination by an hydraulically- 
balanced diaphragm which isolates pumping mechanism from chem- 
ical being handled. Pumps against pressures up to 2,000 Ibs., at 
constant pumping speed—variable flow results from variation only 
in piston-stroke length. Auto-Pneumatic control uses instrument 
air pressure responding to any instrument-measurable variable. 


GOT A SPECIAL PROBLEM? Every month we hear about 


applications to which the Lapp Pulsafeeder is the long-awaited answer. A 
newly-issued bulletin, No. 300, will tell you about our pump and its charac- 
teristics, with typical applications and flow charts. A Pulsafeeder Inquiry Data 
Sheet, on which you can outline your processing requirement, will bring an 
engineering recommendation. Write us today. Lapp Insulator Co., Inc, Process 
Equipment Division, 772 Maple Street, Le Roy, N. Y. 


Lapp 
(eile Opeumill 


PULSAFEEDER 
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AVAILABIR  “ee 
NOW! 


\ from Stock W 


pansion. Windings are impregnated to 
protect against dust, salt spray, hu- 
midity and mechanical damage.—Re- 
sistance Products C mpany, 714 Race 
St., Harrisburg, Penna. 


Mention No. 426 when filling out card. 


Sealed Resistors 


New “Series CE” hermetically- 


—in a wide variety of designs sealed resistors, encapsulated in cast 
Ss “Epoxy,” are available in three 


sizes and materials. Request x | forms: radial lugs, radial leads and 


We will be glad to place your name your copy 
on the list to receive copies of the now. 
monthly Trinity Thermowell Stock List. 


TRINITY EQUIPMENT 494 Westfield Ave., East | y ma one 
com FP OR AT TO WN Roselle Park, New Jersey a% ' 
THERMOWELLS ond other Specialties for the Process Industries 


axial leads. Units surpass MIL-R-93 
specs and JAN-R-93 Type A. Forty- 
ba five types are available in ratings 
anne eal High Precisi Opric C ' from 0.25 to 2 watts.—-Cinema Engi- 
1 _ =p se = /OMPO- neering Co., Burbank, Calif. 
MACHINE NENTS bi ny : ee or Mention No. 427 when filling out card. 
— Astronomical and Physical 
Research 


does the work of a larger one" e™ T 
id . X-band ATR 





Parabolic, Spherical, Ellipsoidal New “Type 6276” ATR, for apere- 

at 9280 Mc., is electrically ( 

and Plane Mirrors tion at $ it 9] electrically but not 

mechanically interchangeable with 

bd “1B35” and “1B35A.” Features a 

Plane Parallel PLATES 
« 


Engraves SCHLIEREN SYSTEMS 
1 to 1 & 


ratio te Wind Tunnel Optics 


infinity ° 


— Lenses & Prisms of Glass 

Natural or Synthetic 
Six CRYSTALS 

SPINDLE ° 


SPEEDS Complete Optical and Mechanical 


INSTRUMENTS 

wi F braid gasket flange-type mounting 

Made to Specifications near window instead of a resonant- 

choke-mounted seat, giving lower 

: : ; values of normalized equivalent con- 

High Vacuum Coating ductance and freedom from arcing at 

Write for NEW e high-power operation. Tube is com- 

PA Te color folder. pletely silver brazed for utmost elec- 

T . Y trical and mechanical uniformity. 

John Unert! Optical Co. Over-all length is 1 in. “Type 6284” 

H. P. PREIS 35 55 F « is for operation at 8750 Mc.—Micro- 

3551-35 jast Street | wave Associates, Inc., 22 C ring- 

ENGRAVING MACHINE CO. ene oo . 
661 U.S. Highway 22, Hillside, N. J. on : ” ee aie 


No engraving shop is complete with- 
out a PANTO ENGRAVER. Several e 


models available. 














Mention No. 428 when filling out card. 
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Controllable R-f. Inductor 


New “65BA1 Increductor” is a cur- 
rent-controllable inductor suitable for 
wide-range frequency shift or induc- 
tance variation between 1 Me. or lower 





% 


is | 
daleduledalslutadadade 


and about 2.5 Me. or higher, at zero 
control current. It is especially suit- 
able for frequency sweep oscillators, 
remote tuning control, etc. At least a 
7-to-1 variation of frequency is obtain- 
able. Upper frequency limit with 
maximum control current is approx. 
30 Mc. Maximum inductance of 30 
microhenries at zero control current 
can be reduced to at least 1/50th of 
this value by application of 40-ma. 
control current. Rising Q characteris- 
tic versus frequency in tuned cir- 
cuits reduces bandwidth variations. 
C.G.S. Laboratories, Inc., 391 Ludlow 
St., Stamford, Conn. 


Mention No. 429 when filling out card. 


L-band High-power Load 


New ‘Model CU-69-250,” latest addi- 
tion to maker’s high-power loads, cov- 
ers the 1120-to-1700 Me. region (L- 
band), extending line’s frequency cover- 


age from 1120 to 40,000 Mc. It is shown 
compared to K-band load held in mod- 
el’s hand. It is designed for production, 
laboratory and field tests. Its high 
power absorption and low reflection 


characteristics make it an excellent | 
termination in high-power radar test- | 


ing. Virtually all power is absorbed 
in a section of resistive wave-band 
carefully tapered to minimize reflec- 





What is your Delay or Regulating Problem? 











© For the most effective solution use the 














sa” SIMPLEST, MOST COMPACT 
MOST ECONOMICAL 

















HERMETICALLY SEALED 


AMPERIT 


Lh MaMa Me hhh Miho 


DELAY RELAYS 


Provide delays ranging from 2 to 120 seconds. 
@ Actuated by a heater, they operate on A.C., D.C., or 
Pulsating Current. 


@ Hermetically sealed. Not affected by altitude, moisture, 
or other climate changes. 


mal STi Circuits: SPST only—normally 
‘sk open or normally closed. 


z 

| y Amperite Thermostatic Delay Relays 

~ Niu are compensated for ambient tem- 

perature changes from ~55” to 

AM PERITE +70°C. Heaters consume approxi- 

DELAY | mately 2 W. and may be operated | ) 
continuously. The units are most - 
compact, rugged, explosion-proof, writ 
long-lived, and—very inexpensive! MINIATURE 


TYPES: Standard Radio Octal, and 9-Pin Miniature. 
PROBLEM? Send for Bulletin No. TR-81 


BALLAST-REGULATORS 


e Amperite Regulators are designed to keep 
the current in a circuit automatically regulated 
at a definite value (for example, 0.5 amp). 
For currents of 60 ma. to 5 amps. Operates 
on A.C., D.C., or Pulsating Current. 
Hermetically sealed, light, compact, and 
most inexpensive. 








STANDARD 





























1X00 
VOLTAG ¥ ' WITH AMPERITE 4 ax 
BATTERY & CHARGER! VOLTAGE VARIES 
VARIES APPROX 


50% : 2% 


Maximum Wattage Dissipation: T6’2L—5W. T9—10W. 




















Amperite Regulators are the simplest, most effective method 
for obtaining avtomatic regula‘ion of current or voltage. Her- 
metically sealed, they are not affected by changes in alti- 
tude, ambient temperature (-55° to +90°C), or humidity. 
Rugged; no moving parts; changed as easily as a radio tube. 


Write for 4-page Technical Bulletin No. AB-51 


| : ae CO., Inc. 561 Broadway, New York 12,N.Y. 
In Canada: Atlas Radio Corp., Ltd., 560 King St., W., Toronto 2B 
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4OU THINK OF 


5 
z 
> 


BS FRAME 


CB FRAME 


FB FRAME 
SERVICES 
xi Qa Or, & Oe 
speed Syn- 
chronous 
AC Dynamically 
sigeLacte. 
PNelltrtie] oli-wey ey-1-1¢) 
Governor-Con- 
Tge)i t-te! 
Tol hemirelaiiare| 
Reversible 


ELINCD 


™o ELINCO 


SUB-FRACTIONAL MOTORS 
AND GENERATORS 


This time, try Elinco on that “special” problem 
of instrumentation. With hundreds of variations 
on over 600 basic models already manufactured, 
you may find that your special problem has been 
“pre-engineered” in the design files at Elinco. 
In tachometers, for instance, Elinco has devel- 
oped countless high-precision variations of: 


AC TACHOMETERS DC TACHOMETERS 
2-4-6-12 Poles 0.9 to 10 Volts at 100 r.p.m. 
1-2-3 Phase Voltage Output Linear 
Standard Units With Speed Within 

Sine Wave Units 1% in Either Direction 


FEATURES 


Instrument-type precision ball bearings. 

Every unit balanced dynamically . . . and 
individually tested under specific 
load conditions. 

Ultra-precision manufacture of all parts. 


PLUS 
ANY physical or electrical variation to 
meet your specific reqhirements. 
OVER 600 basic models with hundreds 
of variations already manufactured. 


TYPES 
AC e 
Servo e 


RATINGS 1/3000 to 1/6 H P 
PHASES 


WINDINGS 
Compound e 


DC e Universal 
Self-synchronous 


One-, two-, and three-phase 


Shunt e Series 
Separately Excited e Split Field 
Permanent Magnet e Reluctance 
Hysteresis e Stabilized Hysteresis 
Induction e Drag Cup 


PLEASE 

... Outline your problem in full detail when 
requesting quotations or literature. We have 
NO STOCK UNITS, no “mass-produced” units 
available. Every ELINCO unit is a precision 
instrument, specially designed and manufac- 
tured to meet your highest specific perform- 
ance standards. 


ELECTRIC INDICATOR CO. 


CAMP AVENUE e¢ SPRINGDALE e CONN. 
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NEW INSTRUMENTS 


tions. Accompanying it is “L-band Cal- 
orimetric Wattmeter” similar to mak- 
er’s microwave calorimetric wattmeter. 
-Cubie Corp., 2841 Canon St., San 
Diego 6, Calif. 
Mention No. 430 when filling out card. 





Compensated-loudness 
Control 
New “Compentrol” compensated loud- 
ness control is a combination dual- 
tapped control and printed-circuit com- 
pensating network. Size is “practically 








| 
| 
no larger than an ordinary volume 
control.” Since all components in “Com- 
pentrol” network are in shunt, there 
is no insertion loss, and no additional 
amplification is required.—Centralab, 
900 East Keefe Ave., Milwaukee 1, Wis. 


Mention No. 431 when filling out card. 


401 


Emergency Lighting Unit 


New “GS” automatic emergency 
lighting unit assures’ instantaneous 
light when regular power fails; is 
powered by a storage battery. A trickle 


charger automatically maintains 
charge. A built-in hydrometer indicates 
state of battery. Lights are sealed-beam 
100 ep. Unit provides 10 hours of 
light—General Scientific Equipment 
Co., 2700 W. Huntingdon St., Phila- 
delphia 32, Pa. 
Mention No. 432 when filling out card. 





Air Cleaner and Dryer 


New “Model B-30-D Condensifilter” p ? a 
provides compressed air of instrument | | For evaluating the dynamic characteristics 


quality by dehydrating and filtering 77 of rate gyros and angular accelerometers 


ordinary plant air. Disposable fiitering 


cartridge, made of wire mesh and flan- 
FREQUENCY RESPONSE 
ANALYZER 


Type BA-100 shown here includes: 
Servo-controlled mechanical oscillator 
Operating at frequencies from 1 to 100 cps. 
Electronic analyzer providing direct readings 
of input frequency, amplification and phase shift. 





THE TYPE BA-100 FREQUENCY RESPONSE ANALYZER 
is one of the many special types of laboratory test 
equipment developed by Doelcam for evaluating 
the characteristics of instruments and control sys- 
tems. Your inquiry is invited. 


DOELCAM CORPORATION 
Soldiers Field Rd., Boston 35, Mass. 


INSTRUMENTS FOR MEASUREMENT AND CONTROL 
Gyroscopic Instrumentation +» Synchros 
Servomechanisms - Microsyns + Electronic inverters 


nel, has a radial fin design which pro- 
vides over 540 square inches of filter- 
ing area. When dirty, cartridge is re- 
placed. Rated capacity of new model is 
30 scfm at 100 psig. Greater capacities 
can be provided by installing required 
number of units in parallel. Where un- 
interrupted service must be maintained, 
an additional unit permits servicing. 
Under normal conditions, service is 
required twice a year..—_Hankison Corp., 


193 Biltmore Bldg., Banksville Road, Tg Sa 4 zoo for the first time 


Pittsburgh 16, Pa. 


Mention No. 433 when filling out card. : ” Re > ‘ KEL | Rekc G 


magnetic 
impulse counter 


Dimetric Drawing Sheets 


New “Dimetric Graph Sheets” have 
all-over pattern of lines to facilitate 
axonometric drawings. Sheets are 


os ’$ si ! ‘ ! It saves money! 
translucent vellum. Pads of 50 sheets It’s simple! It saves space! It saves money 


. . . Actuated by electrical impulses, the 
Kellogg Magnetic Impulse Counter per- 
forms the counting and marking function 

of a chain of 10 to 20 relays or of a two- 
| Occupies she: sauae ot aaly magnet ten-point stepping switch, in less 
two telephone reiays! space and with top reliability! It has a 
@ Operates over the- same wide application in many fields—from 
wide range of pulse ratio industrial control to any system where 
and frequency as a chain ° ° y 
trains of impulses, such as generated by a 


of well-designed count- 


ing relays! telephone dial are to be counted. 


AeEmoce.2>.-.. 


KELLOGG/ SWITCHBOARD AND SUPPLY COMPANY 


y eee / 


CPC ee 
equipment! a 


JOHN R CASSELL 4 Hib | " ax, 
a SE Hatley DR KELLOGG SWITCHBOARD AND SUPPLY COMPANY 

4 3 a GET THE 79 West Monroe St., Chicago 3, Ill. Dept. $1-C 

FACTS — 

: : MAIL NAME 
are available-—John R. Cassell Co., COUPON Please send me com- 
Inc. 110 W. 42nd St., New York 18, TODAY! plete information re- © COMPANY 
WY. garding the Kellogg anppess 

Impulse Counter. 
Mention No. 434 when filling out card. ies a ee 
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Application engineering ... essential to control 





No matter what the product, every plant 
uses methods, materials and equipment that 
present problems peculiar to its own produc- 
tion. Specifications . . . size of plant . . . rate 
of output .. . all impose further unique re- 
strictions. 


What, then, about process control instru- 
mentation? To do its job right, it has to be 
designed with all those factors . . . and many 
others... in mind. And here is where Honey- 
well Application Engineering steps in. 


First comes a thorough investigation of con- 
trol requirements. A Honeywell engineering 
representative, well versed in instrumenta- 
tion techniques sits down with process engi- 
neers, production men, and instrument 
technicians . . . discusses details of the spe- 
cific process. Then he puts the problem up to 
Honeywell’s staff of application engineers. 


Specialists for Each Industry 


In this group are men who are expert in each 
specific industry. One group, for example, 
specializes in instrumentation for the metal- 
working industry .. . another for chemical . . . 
another for petroleum . . . until the whole 
gamut of modern manufacturing is repre- 
sented. Each man has been trained, by 
education and first-hand experience, in the 
techniques of processing and process control 
in the area of his interest. Each is a living 
part of the industry he serves. And he knows 
why and where every process “‘is different.”’ 


Covers All Aspects of Control 

Honeywell application engineering covers 
the entire control installation. It works out 
details of what instrument to use for each 
measurement or control function . . . what 
type of primary element . . . what control 
system .. . what size and style of valve. It 
provides all essential signals, safety inter- 
locks, and accessories. It combines all these 
elements into a complete unit, arranged for 
peak production efficiency . . . greatest con- 
venience of the operator, and for maximum 
ease of service . . . custom-fitted to the indi- 
vidual needs of the process to be controlled. 


Saves Time . . . Produces Top Performance 
This Honeywell service gives specialized con- 
sultation on complex control problems that 
would otherwise require the attention of ex- 
perts in the individual plant. But most 
important, it assures a control system that 
will produce the superior performance that 
Honeywell instruments are capable of giving 

. and which will help to obtain the most 
production and best quality from the process 
which it serves. 


Flexible 


SOUND PLANNING, based on specialized engineering experience, forms the basis of Honeywell Application 
Engineering. Here a round-table discussion between customer and Honeywell technicians irons out the 


initial control requirements for a process. 





CHOOSE FROM THESE MODELS for the program control 
your furnace needs. At left: Eleetronikhe Cam-Operated 
Program Controller. At right: Electronik Program Con- 
troller with motor-driven index. 


f 
| Hones. ell 


— 


Liseehiedidtind 


automatic control 


time-temperature program 


ElectroniK Program Controllers give you the ut- 
most flexibility in automatic regulation of time- 
temperature cycles. They save countless man- 
hours by conducting furnaces through complete 
heating, soaking and cooling periods . . . without 
need for human supervision. And they remove 
the possibility for human error . . . always repro- 
duce even the most complex cycle with consistent, 
high accuracy. 


For frequently repeated cycles, the ElectroniK cam- 
operated controller is recommended. The desired 
cycle is cut on a calibrated disc of clear plastic. 
Entire program is visible at all times . . . can be 
changed simply by replacing the cam. 


@ REFERENCE DATA: Write for Bulletins 1501 and 1502. 


For greatest flexibility, the ElectroniK strip chart 
controller with motor-driven index provides an 
infinite variety of programs. Calibrated dials per- 
mit choice of heating rates, cooling rates, and 
soaking periods. An ideal instrument for furnaces 
which handle a variety of heat-treating cycles. 


Available control systems include electric and 
pneumatic types, applicable to fuel-fired and 
electric furnaces. For a discussion of how program 
control can be applied to your own heating proc- 
ess, call your nearest Honeywell engineering rep- 
resentative .. . he is as near as your phone. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., /n- 
dustrial Division, 4482 Wayne Ave., Phila. 44, Pa. 


MIENN BAP OLS 


Honeywell 


BROWN !'NSTRUMENTS 


Tout on Couttol 





COLOR CONTROL 
By Use of Small Color Differences 


By 
LAWRENCE 
and 
GEORGE W. INGLE** 
Monsanto Chemical Co. 


RUDICK* 


A method described for quanti- 
tative color inspection based on 
readings made with a tristimulus- 
type electronic colorimeter pro- 
vides permanent intra-plant color 
standards, permits rapid qualita- 
tive analysis of off-color samples, 
predicts color trends in produe- 
tion, and plots color data and 
color-tolerances in a universally 
recognized color space which ac- 


counts for both process capability Inspector making “Color Eye’ reading of Styrene sample; the computer 


Fig. 1. 
co- 


and customer acceptability. 


OST MATERIALS change color 

in some fashion over a period 

of time. Other changes in ap- 
pearance are caused by handling, soil- 
ing, or scratching. Hence each time a 
colored material is produced there is 
a real question as to whether the origi- 
nal ceclor match is being duplicated. 
There is no reliable alternative to ob- 
jective standards and tolerances. 

It has long been felt highly desirable 
for both inter- and intra-plant control to 
base a color-inspection system on objec- 
tively defined standards and tolerances. 
The vast color range available in plas- 
tics coupled with the wide variety of end 
uses, combine to pose a formidable 
problem in color control to the plastics 
manufacturer. 


TERMINOLOGY 


Metamerism is the behavior of a 
color-difference (as between two colored 
samples) when the illuminant is 
changed. If changing illumination 
changes the direction and magnitude 
of the observed color difference, the 
color-match is called “metameric.” The 
source of metamerism is lack of paral- 
lelism of the spectral reflectance (or 
transmittance) curves describing the 
two colors. 

C.LE. coordinates are those indices 
for specifying color in numerical terms, 
*Now with Krieger Color and Chemical Co., 
Hollywood, Calif. 

**Plastics Div., Monsanto Chemical Co., Spring- 
field, Maas. 
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on the right converts the “Color Eye’ 
ordinates. 


adopted in 1931 by the International 
Commission on Illumination. At the 
International meeting in Stockholm in 
1951, it was agreed that this commis- 
sion would be referred to by its name 
in French (Commission Internationale 
d’Eclairage) out of respect for its 
French origin. 

Tristimulus are 
of the three matching or reference 
stimuli (adopted by C.I.E.) in a tri- 
chromatic system required to establish 
a match with the sample stimulus. 
Symbols are X (red), Y (green), Z 
(blue). 

MacAdam ellipse. We might expand 
definitions 2 and 2 above to specify that 
tristimulus values are C.I.E. coordi- 
nates and can be used for plotting 
colors, but for convenience and clarity 
of meaning, the “mixture diagram” 
technique of plotting has been general- 
ly adopted in which the “chromaticity 
coordinates,” X and Y, are used with 
these origins: 

e2=X/(X+Y+2) 

y= Y/(X+Y+2) 
In other words, x and y are the frac- 
tional compositions of the tristimulus 
value X and Y in any mixture. We 
don’t need to specify Z because 
x+y+2z2=1.A sufficient specifica- 
tion of any color then is x, y, Y. It is 
this combination which is universally 
recognized as the most useful and 
meaningful combination of C.I.E. co- 
ordinates. These are the coordinates of 
Figure 2; < and y define the horizontal 


values the amounts 


tristimulus values to C.1.E. chromaticity 


plane and Y the vertical axis. The 
MacAdam ellipses are the loci of per- 
ceptible color differences around points 
in C.I.E. color space defined by these 
ccordinates. In the three-dimensional 
cclor solid, these ellipses represent an 
ellipsoid. 


TOLERANCE SPECIFICATIONS 


Inevitably, color contro! requires 
some expression of color tolerances 
that is, acceptable color differences. 
Single-number systems such as those 
proposed by Judd,! Nickerson,” Adams,? 
Balinkin,4 and Godlove® are inadequate 
for this purpose. They all are inaccurate 
in describing perceptibility differences in 
some portions of the color solid, particu- 
larly those of higher-purity characteris- 
tic. They are cumbersome in application 
and do not provide sufficient informa- 
tion concerning the direction of the 
difference involved between the sample 
and standard. In addition, single- 
number perceptibility tolerances bear 
no consistent relationship to customer 
acceptability of small color-differences 
in plastics. 

In establishing an industrial color 
tolerance specification, customer accept- 
ability must be used as a basis. In the 
plastics industry this necessitates at 
least a partial knowledge of the end 
use of the material. Will it be sub- 
jected to a high level of illumination 
or will it normally be seen in subdued 
light? A wider tolerance range can be 
allowed, for example, in a_ brown 





Fig. 








r 66.0 


phenolic molding powder which is to be 
made into a switch plate or a one- 
piece instrument cabinet than is per- 
missible in a white styrene plastic to be 
used as part of a refrigerator assem- 
bly. Hence the first step in setting up 
color tolerance specifications is accumu- 
lating physical limit specimens which 
represent as complete a range as possi- 
ble of customer acceptability tolerances 
in all directions, colorimetrically, from 
the standard. It is most important to 
note that all samples are spectrally 
similar to the standard and_ that 
stringent precautions are taken to 
avoid metamerism. With these limit 
specimens as a guide, the excellent data 
available in the literature on visual 
sensitivity to small color-differences 
can be used to construct continucus 
tolerances in all directions from the 
standard, including those which may 
lack a physical “limit” specimen. 


C.I.E. COORDINATES 


One colorimetric inspection system 
which appears to be workable makes 
use of C.I.E. coordinates to indicate 
differences between production samples 
and a given standard. The yardstick 
of color difference is that provided by 
the data on perceptibility differences 
obtained by MacAdam'®.7,%.9% and his 
co-workers at Eastman Kodak. As 
actual production samples show both 
chromaticity and luminosity variations 
from the standard, the differences 
must be characterized in three dimen- 
sions. To do this, a plot showing three 
views of the concerned portion of the 
color solid is necessary. Tolerances for 
each color are plotted concentric with 
MacAdam ellipses around the stand- 
ard point (Fig. 2). The size of the 
tolerance ellipsoid is fixed by the data 
from the physical “limit” specimens. 
required. Fre- 


Some smoothing is 





2. Inspection 


tolerance ellipsoids 
for Lustrex L29 white. 


Fig. 


quently, some of the available physical 
specimens are acknowledged to exhibit 


excessive color variations from. the 
standard, but these are still valuable 
in determining the location of the tol- 
erance ellipsoid. In all cases to date, 
an excellent correlation has been found 
between the figures drawn from the 
limit samples (showing acceptability 
tolerances) and the MacAdam data for 
the orientation and the relative magni- 
tude of the major and minor axes of 
the ellipses for uniform perceptibility 
variations. 

The location of a sample point in the 
plotted tolerance ellipses determines 
immediately whether the sample in 
question should be accepted or re- 
jected, and how it differs colorimetrical- 
ly from the standard. This technique 
plots production data continuously for 
each color being produced. It records 
not only process performance, but also 
visual perceptibility of variations be- 
tween sample and standard in terms 
of MacAdam small color-differences. 
At the same time, data are accumu- 
lated comparing perceptibility of color 
differences with their acceptability. 

It is felt that this type of plot in 
three-space is more easily handled and 
provides more information than does 
a single-number color-difference caleu- 
lation. It is, in effect, a road map which 
indicates both the magnitude and the 
direction of the color difference be- 
tween the sample and standard. This 
feature is extremely important in color 
correction work as even the trained 
color matcher—while easily observing 
the presence of a difference— 
often can be wrong in his analysis of 
the nature of the difference. In addi- 
tion, such a plot enables the inspector 
to note a developing trend of color 
and to, initiate the necessary 


color 


change 


3. “Color Eye” 


with sample spinner in place. 


corrective measures before any off-color 
material is actually made. With this 
technique, the ellipses can be divided 
arbitrarily into three zones. Consistent 
variation in any direction crossing a 
zone boundary automatically signals 
the need for careful analysis of the 
color difference. This is done by a G.E. 
spectrophotometer. 


INSTRUMENTAL METHODS 

Having decided how to handle and 
plot the C.I.E. data obtained from the 
samples in question, it is necessary then 
to determine the best method for 
taining these numbers. This can be done 
by integrating a _ spectrophotometric 
curve to obtain the tristimulus values 
which characterize the sample, and 
converting these to the corresponding 
chromaticity coordinates for plotting. 
This method requires the use of an 
automatic integrator and is slow and 
expensive. 

For an application of this type, an 
instrument should be (1) inexpensive 
enough to permit installation in sever- 
al areas in one plant, (2) easy to oper- 
ate, (3) able to analyze a sample rapid- 
ly, (4) rugged enough to withstand 
continuous and (5) sufficiently 
precise to measure small color differ 
ences throughout the range of colors. 
This last requirement, precision, is 
most important in establishing a nu- 
merical inspection system. The extreme 
accuracy of a carefully operated spec 
trophotometer may be sacrificed be- 
cause the change in orientation and 
size of the MacAdam ellipses is gradual. 
The instrument chosen for meeting 
these several requirements is the 
“Color Eye” (Figs. 1 and 8) manu- 
factured by Instrument Development 
Laboratories, Needham Heights, Mass. 
This instrument is a tristimulus-type 
photometer—one of several types of 

Continued on page 432 


ob- 


use, 
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Instrumentation Factors Affecting Production in 


SLAB-HEATING FURNACES 


The difficulties encountered in operating a triple-fired slab- 
heating furnace illustrate the control problems. A solution, 
reasons for its choice, and operational results are presented. 


NSTRUMENTATION factors affecting production in 
I slab-heating furnaces can be appreciated best first by 
studying manually operated furnaces, then by applying 
controls, and then by checking the results of automaticaliy 


controlled furnaces. 


MANUAL OPERATION 


From 1930 to 1949 the Otis Works of Jones & Laughlin 
Steel Corp. operated 2 triple-fired reheating furnaces for 
their 77-in. hot strip mill. Over the years the various fuels 
used were oil, natural gas, and mixed gas (consisting of 
stabilized refinery gas, stabilized natural gas, and coke oven 
gas, alone or in combination). In 1944 the gas mixing sta- 
tion was shut down and the furnaces were operated on 
natural gas, refinery gas, or any mixture of the two fuels. 
During these years the furnaces were operated manually. 
All gas and air valves were located at the individual zone 
headers. The push button for the damper was located at 
the rear of the furnaces. Consequently the heater had to 
walk to the individual zone valve locations and back to the 
damper push buttons in order to change the heating rate. 
This comprised a walk of approximately 300 feet, plus 
going up and down three flights of stairs. 

After a half dozen trips the operator tended to eliminate 
as much walking as possible by leaving the bottom zones 
set at some midpoint which would not overheat the bottom 
of the slabs during delays, nor be too cold on a steady run. 
The resuits were not good. Temperatures were uneven and 
the slabs turned up or down in the mill toward the colder 
side. This caused cobbles and rolling difficulties in the mill, 
nor did it help surface quality of the steel. Another trick 
was to leave the fuel set as it was and just cut the air; 
this wasted fuel. At times the top battery of burners weuld 
be left on hoping the mill would resume rolling before it 
was necesary to cut back on the fuel and air to prevent 
sweating the slabs; this resulted in some poor guessing 
and considerable cinder. 

At that time 50 percent of the total fuel input was 
used in the heating zone of the furnace. Overheating in 
the heating zone caused a tight thin scale on the steel. 
As the steel passed through the soaking zone, where the 
balance of the fuel was used, a second scale was put on the 
slabs, over the tight scale layer. At the scale breaker and 
subsequent spray, the scale put on in the soaking zone would 
peel off nicely, but the thin scale put on in the heating zone 
would adhere to the steel, resulting in rolled-in scale in 
the finished product. This affected the surface. 

The difficulties encountered in manually operated fur- 
naces included: uneven temperatures, nonuniform gauge, 
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burnt edges, cold bottoms and hot tops (or vice versa), 
long ears, cold centers, high fuel costs, slagging of hearths, 
rolled-in seale, variation in flame length, variation in furnace 
atmosphere and pressure, cinder in the pits, considerable leg 
work, furnace delays due to cleaning slagged hearths, dif- 
ficulty in establishing a satisfactory operating point when 
conditions changed, improper air due to constant changes 
of fuels and, lastly, no protection in event of power failure 
or loss of combustion air. 

Automatic controls were considered; but they alone could 
not solve the problem because furnace capacity was limited 
and represented the bottleneck to increased production. 


MODERN FURNACES 

In 1948 J&L decided to replace the two short triple-fired 
furnaces with three modern automatically controlled fur- 
naces. The old furnaces were charging 90 percent hot steel 
and 10 percent cold steel, whereas the new furnaces were to 
charge 100 percent cold steel. The installation was to im- 
prove quality and increase production. 

We began to plan the items which we wished to control, 
hoping to eliminate previous troublesome practices and to 
achieve maximum production of quality heating. 

The primary fuel was to be a mixture of natural gas 
and refinery gas in any proportions; the secondary or stand- 
by fuel was to be #6 fuel oil. 

The natural gas is delivered to a sub master station 
(outside of the mill building) at 30 to 50 psig. It passes 
through a regulator in the same building where it is re- 
duced to 3 psig. It then is transmitted through a 12-inch 
line to a central regulating point where it is reduced by 
means of a piston-operated butterfly valve to 11 ounces. 
Then it goes to the 24-inch distribution header. 

The refinery gas reaches the central regulating point 
at 4 to 56 psig., where it is reduced by a 6-inch piston- 
operated butterfly valve to 12 ounces. Then it goes to the 
24-inch distribution neader where it mixes with the natural 
gas. The refinery piston-operated regulator is reverse act- 
ing; it closes on loss of pressure of the controlling medium. 
This is a safety feature. , 

As the supply of refinery gas was limited, the system 
described permits full usage of either gas simply by in- 
creasing the pressure of the gas desired, the other gas 
being then used as make-up fuel. This could not be done 
were we to mix to some constant BTU. 

It was decided to install two complete and separate oil 
loops. One loop supplies oil from the storage tanks (thru 
pumps and heater) to the mill building, and returns to the 
tank. The second loop takes off of the first loop through a 
reducing valve, then goes to the mill pumps and heaters to 
all zones of all furnaces, and returns to the inlet of the 
mill pump. This system eliminates a separate tank, together 





with tank-heating coils, float control, ete. It assures oil to 
the furnaces at any desired temperature and pressure, and 
provides agitation and warmer oil in the main storage tank. 


Main Metering 


Natural gas is measured by an orifice meter, the orifice 
being located in the 3-psig. regulated line. Refinery gas 
is measured by orifice meter at main line pressure. A BTU 
pump measures the density of the refinery gas. The refinery 
meter then records cubic feet of gas, therms (100,000 BTU), 
and BTU per cubie foot. A separate pressure recorder was 
installed to measure main-line refinery gas pressure. Both 
the natural gas and refinery gas are measured by their 
respective companies. A Thomas calorimeter records the 
gross BTU of the refinery gas as it is purchased. The oil 
is metered and checked against tank outage. 


Zone Mete ring 
} 


The individual zones are supplied with mixed gas or oil. 
The gas is measured by an orifice plate and records on a 
slack-diaphragm-type differential meter. The oil is measured 
by a differential “Trans-o-meter” and records in place of the 
gas on the differential meter. Note that it is impossible to 
burn gas and oil simultaneously in the same zone in this 
installation; we believe that it is not economical to burn 
both fuels at the same time, and that it is impossible to 
obtain proper combustion characteristics. 

The combustion air is preheated by recuperation to a 
temperature controlled by the operation of a motor-driven 
cold-air butterfly. It is delivered via refractory-lined pipes 
to the individual zones, where it is measured by an orifice 
plate and recorded on a second pen in the slack-diaphragm 
differential meter. 

Motor-operated butterfly valves are installed in the gas 
lines ahead of the zone headers. By suitable linkage, a com- 
pressed-air valve is operated to load the diaphragm-operated 
oil and steam valves in each zone. Piston-operated butterfly 
valves control the air supply to each zone. 

Fuel-air ratio is established by balancing the fuel versus 
the air differentials. However, as mixed gas is used, a BTU 
pump was installed on the mixed-gas line to send a biased 
loading pressure to the air diaphragm, the loading being 
a function of the gravity of the gas. The permissible range 
of the mixed-gas lies between 1000 and 2200 BTU per cubic 
foot. 


Furnace Temperature 


After careful examination of the existing methods for 
measuring and controlling temperature in triple-fired fur- 
naces, we decided upon the following method: A single-point 
recorder-controller for each zone of each furnace sights 
upon closed-end target tubes. The soaking-zone tube was 
located in the rocf over one row of slabs; the top and bottom 
tubes were located in the side wall approximately one foot 
above and below the steel line respectively. A 3-point re- 
corder was installed on each furnace, measuring tempera- 
ture in the same locations on the opposite side of the fur- 
nace. A toggle switch at each of the single-point controllers 
permits the operator to control any zone of the furnace 
from either side of the furnace. The temperature controllers 
electrically operate the motor drives connected to the gas 
butterfly valves of each zone. We believe the advantages of 
this system to be: 

(1) The operator can check either side of the furnace and 
balance same, should the burners become plugged or changed 
from the established setting. 

(2) If a target tube or radiation thermopile unit should 
become damaged, the operator can control that zone from 
the other unit. The damaged unit then merety becomes a 
reading on the 3-point recorder. 

(3) The operators have confidence in the instrumentation 
because of greater availability of control. 

(4) The closed-end tube extends only a short distance 
into the furnace and is relatively free from breakage, where- 
as an open-end tube would extend into the furnace a greater 
distance and become more susceptible to breakage. Further- 
more the open-end tube would require an air stream through 


the tube to prevent reading flame temperature rather than 
steel temperature. This air is objectionable. In the open- 
end tube are you getting steel temperature or scale tempera- 
ture? 

(5) We selected the side-wall location for the top and 
bottom zone target tubes because of ease of maintenance, 
because it does not interfere with roof construction, because 
of low crane clearance, and because we believe that furnace 
temperature is proportional to the steel temperature. A 
trial location of one target tube in the roof of the heating 
zone showed less than 50-deg. (F.) difference between roof 
and side-wall locations. 

(6) A slow motor 
allow ample time for the ratio controls to 
the fuel changes fuel 
minute and gradual rather than spasmodic. 


selected to 
follow 


drive (75 seconds) was 
fuel-ail 
most of the are 


because changes 


¥ , 
I “mrnace I ressitre 


Furnace pressure is maintained by means of an electric 
furnace-pressure indicator-controller set to provide zero 
pressure at soaking-zone hearth level. The furnace pressure 
taps are located in the soaking-zone roof. We believe the 
location of the furnace pressure taps to be unimportant pro- 
vided that the impulse is not unduly delayed and the range 
of the controller is sufficient to obtain the desired results 
namely, zero pressure at soaking-zone hearth level. Our 
reason for selecting an electrically operated damper 
troller was because it had less tendency to overshoot in 
picking up the gradual changes occurring. The damper 
remains stationary on loss of power. 


con- 


Safety. 

The furnaces are equipped with automatic safety shut- 
offs. combustion air, controlling medium (com 
pressed air), or power trips safety shut-off’s in the main 
gas line for the individual furnace. The oil safety-shut-off 
valves are tripped in each individual zone. Manual reset 
is required before furnaces can be relighted. A safety 
regulator automatically bleeds gas to the atmosphere, above 
the building roof level, should the pressure in the 24-inch 
header exceed a predetermined maximum. 


Loss of 


Training of Operating Personnel. 


Training of furnace personnel is one of the most tedious 
and difficult but worthwhile phases of instrumentation 
because the success or failure of the installation depends 
on the operators. We consider it vital that the operating 
personnel, heaters and helpers, be thoroughly trained and 
completely familiar with every detail of all instruments. 
The three furnaces were staffed 24 hours per day by the 
combustion-department personnel, who devoted themselves 
exclusively to this task. Before the combustion-department 
personnel were withdrawn, the heaters and helpers had 
complete knowledge of the use of every instrument, what it 
controlled and why, how it operated automatically, and how 
to operate the instrument manually if necessary. The re- 
sults have been eminently successful; we favor use of this 
system of training for any future installations in the plant. 

Let us now examine the results and see if they justify the 
expenditure and the trust the company has placed in our 
judgment. 


RESULTS 


The installation of large furnaces has resulted in a hearth 
area twice that of the two smaller furnaces. Thus for the 
same conditions, the capacity should be double what it had 
been, However, the charge now is cold steel, not hot steel. 
Despite this, production has doubled. The charging of cold 
steel has permitted preparation of the slabs, which has re- 
sulted in higher yield and better quality. 

Temperature control has resulted in (1) a more constant 
and uniform furnace temperature, (2) a more uniformly 
heated bar of greater plasticity, (3) a reduction of power 
requirement in the mill, (4) a minimum temperature in- 
crease of 100 deg. F. between the roughing and finishing 
stands, (5) a decrease in fuel consumption (under identical 
charges), (6) the elimination of burnt edges, (7) a more 

continued on page 436 
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Dimensional Gaging and Inspection by 


Air Gages and Dial Indicators 


Basic application factors and techniques for effective use of 


air gages and dial indicators are presented. 


IR yvages and dial indicators are basic instruments 
for comparison measurement. As the use of air fon 
gaging and inspection is becoming in- 
creasingly important, the air gage is described in the 


detail. 


dimensional 


greater 


AIR GAGES 

Air gages have sufficient magnification to provide a simple 
method for The 
elements common to all air gages are (1) an air supply, 
generally taken from the factory air lines, (2) a pressure 
regulator to obtain reasonably constant pressure for the 
operation of the gage, (3) the metering system, and (4) a 
gaging member, such as the gaging-head air plug shown in 
Fig. 1. 

From the standpoint of the user there are several im- 
portant design features, as follows: (1) Linearity of scale 
reading, (2) centralizing error, (3) size differential be- 
tween the part measured and the air plug (this applies to 
inside-diameter measurement only), (4) interchangeability 
of gaging hysteresis, and (6) wear chat 


acteristics. 


reading variations in size to close limits. 


members, (5) 


Basic AIR-GAGE SYSTEMS 

There are two systems used in air gage design, both hav- 
ing to do with the handling of a flow of air to develop a 
visual indication of a variation in size—that is, the instru- 
ment is a comparison-type instrument which reflects a 
variation in size from a master or standard of known size. 

The first system in general use is a back-pressure ar- 
rangement in which air is supplied to the equipment through 
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a regulating device, usually through a filter of some sort. 
Fig. 1 shows the high-back-pressure type; Fig. 2 shows a 
low-back-pressure type. In both types the air is conducted 
through a master jet (restrictor orifice) to the gaging head 
of the instrument, which commonly is an air plug with one 
or more orifices. The hydrostatic head insures constant 
pressure at the master jet of the low-back-pressure-type 
gage; excess air is allowed to escape. Any restriction in the 
flow of air from the jets at the gaging head causes back 
pressure which moves the indicating gage in Fig. 1 or the 
column of water in the glass-tube manometer in Fig. 2. 

The second method of obtaining a reading is by means of 
a differential measuring system (Fig. 3), which is effective- 
ly a bridge circuit. Air is conducted to the instrument 
through a filter and a regulating device. Two parallel col- 
umns of air are set up, one escaping through an adjustable 
orifice, the other column through a gaging member. The 
system is set into equilibrium by placing a master of known 
size over the gaging head and by adjusting the orifice in the 
parallel column of air to establish equilibrium between the 
two air circuits. 

At equilibrium the pointer indicates zero, When work 
pieces of a size different from the master are measured, the 
equilibrium of the system is upset and variations in air 
pressure between the two sides of the system are trans- 
lated into a direct reading on the calibrated dial. 

The elements of primary importance are the jet charac- 
teristics of the master jet and the jet characteristics of the 
working gage head. These characteristics include such 
things as the size and shape of the jets, their surface finish, 
the conditions of the corners both on the entering and ex- 
haust side, and the dimensional relationship between the 
jets and the outside diameter of the plug into which it 


FILTER RESTRICTOR ORIFICE 


I 


i NEEOLE VALVE 


T 


WATER LEVEL 








GLASS TUBE 


Fig. 2. Lew-back-pressure type of air gage in which pressure is regulated 
by a hydrostatic head. 





PN i SE INDICATING 
GAGE 








Fig. 3. Bridge-type air-gaging system. 


is inserted. The over-all function of any air gage depends 
largely on the design of the jets in the working gage head. 


Scale Linearity 

Linearity of scale reading is most important, particularly 
for statistical quality control. On certain types of gages, 
high and low masters are used to establish the upper and 
lower tolerance limits of the parts (Fig. 1). The inter- 
mediate readings on this type of gage are not truly linear 
and the gage effectively is a “go” and “no go” device with 
only a general indication of intermediate size. Where it is 
important to know the precise size within the tolerance 
limits, an individually calibrated scale must be made up, or 
use of an instrument with a truly linear output is essential. 


Centralizing Error 

Centralizing error is important, particularly for meas- 
urement of inside diameter. This type of error develops 
when two jets are used and when one of the jets is very 
close to the wall of the hole being measured, with the other 
jet at a correspondingly greater distance from the wall 
(Fig. 4). The air plug is off center with respect to the hole, 
and can result in error. One method for reducing this error 
is to make the working air plug close to the minimum size 
of the hole. However, this affects the speed with which the 
instrument can be used and does not completely eliminate 
the error when a hole of maximum size is being measured. 
In a well-designed air-gage system this centralizing error 
should not be more than ten millionths of an inch with a 
clearance between the outside diameter of the air plug and 
the nominal size of the hole in the order of 0.002 inch. 
Size Differential 

Another desirable characteristic from the user’s stand- 
point is sufficient clearance between the air plug and the 
hole being measured (Fig. 5). If the design and manufac- 
ture of the jets and other components is controlled carefully, 
a clearance of 0.002 inch is possible and within the limits 
of centralizing error previously mentioned. Size differential 
is important in high-production work where ease of entry 
of the plug into the hole is necessary. 


Interchangeability 

Interchangeability of gaging members also is important. 
Frequently it is desirable to measure two or three dimen- 
sions at a single inspection station, and it may not be 
economical to set up three separate air gages. In such in- 
stances the interchanging of gaging members facilitates 
inspection, and the air gage should operate satisfactorily 
with “hand-tight” connections. 


Hysteresis and Wear 


In the column-type of air gage, there may be a tendéncy 
toward slowing down or lagging of the gage over a period 
of time. An air gage should respond almost instantly to a 
given measurement and should stabilize almost immediately 
at its final and correct reading. A gage which shows this 
lagging effect not only slows down the speed of measure- 
ments taken but also may develop slight variations in indi- 
cation on the same part or on checking the gage with a 
master. 


Fig. 4 (left). Centraiizing error; error should not exceed 0.00001 inch 
with a total clearance of 0.002 inch. Fig 5 (center). Size differential, or 
clearance, between work piece and plug should exceed 0.002 inch. Fig. 6 
(right). For long wear, jet ends should lie inside 0.D. of plug, as shown. 


Another important consideration is wear characteristics. 
If the jets are seated somewhat below the working surface 
of the air plug, and if the plug itself is sufficiently hard 
and preferably chrome-plated, wear problems are a mini- 
mum (Fig. 6). An air plug should last almost indefinitely 
because there should never be any direct wear on the jets, 
and the body of the plug can be rechromed as its size is 
cut down as a result of continuous use. 


Applications 


We are accustomed to think of air gages primarily as 
hole-measuring devices. In this application they are very 
valuable because they determine certain characteristics of 
holes other than actual size—such as out-of-round, taper, 
bell mouth, ete. With specially designed plugs, blind holes 
also can be measured, although most applications today are 
for through hole measuring. 

Outside diameters also can be measured with air. There 
are two general methods for this measurement. The first is 
by use of air rings; the second by use of an air snap-gage. 
Air rings are commonly furnished with either two jets or 
three jets; a three-jet ring can not give a direct measure. 
ment of diameter. 

On materials where metal-to-metal contact is not de- 
sirable, special air-gage set ups can be used to establish 
dimensions other than the diameter; for example, on certain 
parts of television tubes an air gage is used to measure a 
height from a base. In this application one of the points 
to be measured is coated with a soft material which cannot 
be touched without affecting the functioning of the device. 
Air is used satisfactorily and measures the height from 
a shoulder, 

Another rather new application is the measurement of 
the straightness of tapered wall sections on valves, and a 
corresponding measurement is taken on the plugs that are 
inserted into these valves. A tapered air-plug is used with 
three sets of jets located at intervals over the length of the 
tapered air-plug. Three separate columns of air are used, 
operating three individual air gages combined in a single 
unit. The three gages are set to zero against a master with 
the proper degree of straightness and made to the correct 
angle. When the air jet is inserted in the work piece a 
variation in reading reflects the lack of straightness in the 
tapered hole as well as the angular variation from the mas 
ter. In this application the scales of the air gages are cali- 
brated both in inches and in minutes and This 
makes it possible to determine variations in angle, straight- 
ness, and out-of-round. This application requires careful 
design engineering. 

One important consideration in the use of air 
is that of surface finish. Where surface finishes are finer 
than 100 microinches the air gage provides approximately 
the same size indication as any other means of measurement. 
However, where the surface roughness exceeis 100 micro- 
inches the reading obtained with an air gage is somewhat 
different from that obtained by use of a contact-type meas- 
uring device. As the surface of a machined part con- 
sists of a series of hills and valleys, a contact-type gage 
takes its measurement at the top of the hills whereas the 
air gage takes an average reading somewhere between the 
peaks and the valleys. 


seconds. 


gages 
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A University-level Course 


in 


PROCESS INSTRUMENTATION 


By GERALD L. FARRAR 


Engineering Editor, The Oil and Gas Journal 


This detailed outline for a university-level course in 
process instrumentation is the result of four years of 
teaching experience, careful study of published litera- 
ture, and consultations with instrumentation engineers. 


OST process engineers enter industry with a bache- 

lor of science degree in some branch of engineering. 

As most engineers find themselves involved to some 
extent in the selection and operation of automatic control 
systems, and as there is much emphasis on automatic con- 
trol, it is important that university training be given in this 
subject. This article presents the scope and course content of 
what is thought to be the minimum acceptable training 
for the graduate process engineer. 

SCoPE OF COURSE 

Little should be included on instrument design or instru- 
ment installation. On the other hand, the characteristics 
of the various parts of the automatic control system should 
be considered in detail and mathematically analyzed where 
possible, so that control operations can be understood thor- 
oughly. The behavior of the various control responses (or 
modes) also must be understood because proper selection, 
application, and operation of control systems depend on 
this understanding. 

The minimum acceptable training for the modern process 
engineer is a separate, required undergraduate course, given 
in the second semester of the senior year. The course should 
carry 4 hours of credit, divided into 3 hours of theory and 
1 hour of laboratory. The theory class should meet for i- 
hour periods three times each week for the 18-week semes- 
ter. The laboratory should meet for one 4-hour laboratory 
period each week. 

Prerequisite courses are physics, chemistry, mathematics, 
and unit operations, or other courses that provide training 
in processes and process equipment. 

Presented at the Seventh Annual Symposium on Instrumentation in the 
Process Industries, Texas A & M College, College Station, Texas, June 2-4, 


1952 


OUTFLOW 


CLASSROOM PRESENTATION AND TEXT MATERIAL 


Classroom material should be presented in the following 
order: 

1. Introduction to 

2. Measurement. 


instrumentation. 
Responses of measuring instruments. 


5. Final control elements. 

6. Characteristics of processes. 

7. Application of control responses 
processes. 

8. Automatic control systems. 

Each of these eight points will be discussed in detail. 

It is unfortunate that there is no one satisfactory text 
in instrumentation presently available. Perhaps the best 
basic approach to the subject is supplied by Eckman! in 
Principles of Industrial Process Control. However, the book 
is written without sufficient explanation, and is seriously 
lacking in material on instrument application. 

A plentiful source of reference material is found in 
the various volumes of Instrumentation for the Process 
Industries?, the Proceedings of the Texas A. and M. Col- 
lege symposiums on Instrumentation. The first volume, 
published in 1946, is particularly rich in basic material 
needed for a first course. 

Another useful source is the manual Instruments and 
Process Control’ (Delmar publishers). Perhaps the clear- 
est and best descriptions and diagrams for various in- 
strumentation systems are found here. 

Still another reference volume is /ndustrial Instruments 
for Measurement and Control4, by T. J. Rhodes. 

Also valuable are the illustrated lecture materials now 
provided by most of the large instrument companies. These 
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Fig. 1. Four basic components of automatic process control. 
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Fig. 2. Response curves for temperature element in moving gas. 





are outstanding services, and much credit is due these 


companies. 


INTRODUCTION TO INSTRUMENTATION 


Instruction in instrumentation and automatic control 
should begin with the over-all analysis of a simple con- 
trolled system, as in Fig. 1. The four parts comprising 
this system are the measuring element, the controller, the 
control element, and the process. 

The automatic control cycle begins when a change takes 
place within the process. This change is noted by the meas- 
uring element which transmits an impulse to the controller. 
The controller in turn transmits an impulse to the control 
element. The amount of energy entering the process is 
then altered by the control element, and the energy level 
of the process is adjusted accordingly. The cycle is thus 
complete. One or two simple examples, such as a steam- 
heated water bath, are then considered. 


MEASUREMENTS 

Students in the senior year of engineering instruction 
will have had considerable training in the theory and use 
of thermocouples, manometers, orifices, diaphragm-type 
pressure gages, bourdon-tube gages, dead-weight 
rotameters, pyrometers, and simple potentiometers. There- 
fore, little time should be devoted to these measuring de- 
vices. 

However, the student may be unfamiliar with measuring 
instruments such as the pressure thermometer, the resist- 
ance element, the self-balancing potentiometer, liquid-level 
meters, pH meters, and the thermal-conductivity carbon- 
dioxide meter. Others can be added at the discretion of 
the instructor. These should be considered in some detail, 
including advantages, limitations, principles of operation, 
construction, and typical applications. Not more than four 
or five 1-hour periods should be devoted to the subject 
of measurement and measuring devices. 


testers, 


RESPONSES OF INSTRUMENTS 

The subject of instrument response should receive de- 
tailed consideration. The value of the controlled variable 
indicated by the measuring instrument is not what the 
present level of the variable is, but what it was. The mag- 
nitude of this time lag is very important; if excessive, 
chances for successful application of automatic control are 
small. 

Owing to the nature of heat transfer, the time lag in 
temperature measurement is larger than in measurement 
of other variables. As a result, lag is a more important 
consideration for this measurement. The rate of tempera- 
ture change by a measuring element is defined by Newton’s 
law of cooling: 

de/dt (1/L) (U 6) (1) 
where 6 is the indicated temperature, t is time, L is lag 
coefficient, and U is process temperature. 

The lag coefficient for any temperature element can be 
obtained by immersing the element (which is at a known 
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Fig. 3. Error and lag of measuring element fer linear change in process 
variable. 


temperature) in a constant-temperature bath at a different 
known temperature, and observing its response. Solution 
of Equation 1 for constant bath-temperature gives: 

U—e (U 6) e7*/! (2) 
where # is the initial temperature of element. 

When t¢ L, 

U 0 0.368 (U A) 
or the temperature difference is 36.8 percent of the original 
at that point. Thus, the value of the lag coefficient (L) 
is equal to the time required for 63.2 percent of the change 
to occur. 

Once determined, this lag coefficient can be used to pre- 
dict the lag times to be encountered in using the element. 
If the measuring device is to be used in a restraining well, 
Equation 1 no longer holds because of the heat capacity 
and time lag of the well. However, the value of the lag 
coefficient and solutions to Equation 1 may still be used 
to get an idea of the magnitude of the time lag to be ex- 
pected in using that particular element. 

Response curves for a thermocouple in a moving gas 
stream are shown in Fig. 2. The curve for the bare thermo- 
couple shows the lag coefficient to be about 0.6 minute. The 
curve for the thermocouple in protecting steel well shows 
the serious decrease in response, which can produce serious 
errors in measuring and controlling high gas temperatures. 

Response curves for elements in agitated liquid are simi 
lar in shape; the speed of response, however, is greater. 

Although process temperatures seldom vary linearly, 
analysis of element responses to a linearly changing tem- 
perature gives valuable insight to the type of response 
that may be expected for actual, more complicated varia- 
tions. Solution of Equation 1 for constant rate-of-change 
of process temperature (dl//dt k) gives: 

4 U kL + (0 Uso + kL) e-'/! (3) 
From this equation a response curve may be determined 
as in Fig. 3. Note that when the transient (exponential) 
term of Equation 3 becomes insignificant, the error assumes 
a constant value, kL. The time lag of response is equal to 
the horizontal distance between the two curves. 

Process temperatures often cycle. The difference in ac- 
tual and indicated temperatures and the time lag are im- 
portant factors in the the control installation. 
Solution of Equation 1 for cycling conditions is: 

M A/{1 + (2¢ L/5)?2|'” (4) 
where M is the amplitude of indicated temperature curve, 
A is the amplitude of actual temperature curve, and b is 
the period of cycle. 

This equation shows that the amplitude of the indicated 
temperature curve is smaller than that of the actual tem- 
perature, as brought about by the time lag (Fig. 4). The 
reduction in amplitude is proportional to the lag. The time 
computed by remembering that the indicated 


success of 


lag can be 
temperature attains its maximum and minimum values at 
the point where it crosses the actual-temperature curve. 
This is seen by examination of Equation 1; as the rate of 
change of indicated temperature is zero at maximum and 
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minimum 
are equal. 

Time lags encountered in measuring pressure, flow, and 
liquid level are usually small and have little deleterious 
effect on quality of control. Responses of these elements 
may be determined from the basic equation: 

J (d*6/dt?) + D(dé/dt) + Se =p (5) 
where J is the mass, D is the damping force, S is the re- 
storing force, p is the true value of variable, 6 is value of 
the indication. 

This equation can be solved for three different types of 
response (Fig. 5) to a change in value of the actual vari- 
able. When damping force is small, underdamped response 
of the element is obtained. Fast response is obtained, with 
alternate over- and under-shooting occurring and becoming 
progressively smaller. 

The second curve shows the critically-damped response. 
Just enough damping or friction force is provided for in 
the element to prevent cycling. This type operation is usu- 
ally to be desired because wear and tear on moving parts 
of the system are reduced, and little speed of response is 
sacrificed. If additional damping occurs, operation of the in- 
strument is overdamped, and excessive time lag results. 


points, the actual and indicated temperatures 


MopEsS OF AUTOMATIC CONTROL 
responses) of auto 
(on-off), (2) single- 


modes (or types of 
(1) two position 


individual 


are: 


The 


matic control 





» UNDERDAMPED Fig. 








CRITICALLY 
DAMPED 


« 


“OVERDAMPED 


+ 





w 
o 
z 
< 
x 
.S) 
w 
wm 
© 
< 

« 
< 
> 
Lon 

Zz 
aw 
Vv 
« 

re 
a 








—— ee i 
006 008 010 
TIME, MINUTES 


“C04 


speed floating, (3) proportional-speed floating (termed re- 
set when used with proportional), (4) proportional (or 
throttling), and (5) rate or derivative (used with propor- 
tional). 

Combinations of modes may be used as desired. Selection 
and operation of the controller are of utmost importance 
in assuring a successful control system; proper understand- 
ing of the modes is very important. 


On-off Controller 

Action of the on-off controller is shown in Fig. 6. The 
control element (usually a valve) is fully open or fully 
closed, depending on whether the variable is below or above 
the contro] point. In theory, the controller and valve ac- 
tions are instantaneous at the control point; in practice 
a small interval of time is required to operate the valve. 
Note that the variable can never line out on control point 
when utilizing the on-off mode of control. At best the vari- 
able will cycle within tolerable limits. Quick compensation 
is provided, however, for large or sudden load changes or 
upsets in operation. The controlled system will experience 
some unbalance at large load changes, because of the change 
in energy requirements. 


Single-speed Floating 

The single-speed floating mode of control provides for 
continuous movement of the valve when the level of variable 
is away from control point. As the name implies, speed of 
valve travel is constant, regardless of the deviation of the 
variable. Movement of the valve must be comparatively 
slow to prevent excessive cycling, and herein lies the main 
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5. Response of measuring [ 
element to a 
process variable. 


Fig. 6. On-off control response. 


disadvantage of this control response. This controller does 
not compensate for appreciable load changes or upsets with- 
out excessive deviation of the variable, and without con- 
siderable lapse of time before again lining out on control 
point. It is possible, however, to line out on control point, 
and, barring upsets and load changes, to maintain the vari- 
able at the control point. 


Proportional-speed Floating 


The proportional-speed floating control response is in- 
herently the same as the single-speed floating except that 
the rate of valve movement is proportional to the deviation 
of the variable from the control point. Thus, greater com- 
pensation for load changes and upsets is provided. Even 
so, this control response is not adequate for systems subject 
to large changes. Its main value is realized when it is used 
in combination with the proportional response, to reset the 
valve at a new position required by changing demands. 


Proportional 


The proportional control mode is one in which the valve 
is positioned in proportion to the deviation of the variable 
from the control point. The main advantage of this response 
is that load changes and upsets can be compensated rap- 
idly and adequately without excessive deviation. However, 
it is not possible to return the variable to the exact control 
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point after a load change because of the direct proportion- 
ality of valve position and variable deviation. If the vari- 
able returned to control point, the valve would have to be 
in its original position. Since there has been a load change, 
the system cannot be in equilibrium under this condition, 
and the variable must line out away from the control point. 
If the controller is operating with a narrow proportional 
band, the deviation is small; if a wide proportional band is 
used, the deviation is larger. 

A schematic diagram of a pneumatic proportional con- 
troller is shown in Fig. 7. Air pressure on the bellows po- 
sitions the flapper near the nozzle, which controls the output 
pressure to the valve. Diagrams of controllers employing 
all modes of control should be studied in detail. The student 
needs both laboratory training and study of these schem- 
atics to understand fully the theory and operation of the 
various modes. 

Reset 

If the reset mode is incorporated with the proportional, 
the resulting controller can compensate for a variety of 
upsets and load changes without excessive deviation of the 
variable and with rapid return to the control point. The 
proportional response prevents the deviation, while the 
reset response returns the variable to the control point. 
Such dual-response controllers are provided with response 
adjustments so that the needs of the process may be met 
as closely as possible. 

Derivative Response 

When excessive lag or dead time exists in the control sys- 

tem, proportional and reset adjustments must be set at 





comparatively insensitive values to prevent excessive cy- 
cling. One solution to this problem is use of rate, or deriv- 
ative, response. This mode is employed with the proportional 
or with the proportional plus reset responses. If the system 
is subject to operational upsets, but little or no load change 
is expected, the proportional response is adequate for the 
controller. If, in addition, the system has appreciable lag 
or dead time, rate response is incorporated. When load 
changes can be expected also, the reset response is included, 
and the eontrol mode is proportional plus reset plus rate. 
Considerable time should be spent in considering propor- 
tional and reset responses because these concepts are new 
to the student. The concept of the rate response is perhaps 
the most difficult for the students to grasp. A “stable 
change” in process variable, as shown in Fig. 8, can be 
used to explain the action, showing that valve position is 
proportional to the slope of the variable curve—that is, to 
the rate of change of the variable. The rate response should 
be analyzed closely at each significant point on the curve. 
Mathematical expressions for the rate mode are as follows: 
— AP q/s (de/dt) (6) 
—d P/dt = q/s (d*6/dt*) (7) 
where P is valve position, q is rate time, s is the propor- 
tional band factor, and @ is the controlled variable. 
From Equation 7 it is seen that the rate of change of 
valve position is zero when the second derivative of the 
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Note that the magnitude of the response of the reset and 
rate modes depends on the width of the proportional band. 
Thus, if the band is narrowed, rate and reset responses are 
larger at the same settings of r and q. Note also that when 
the variable has lined out at the control point after a change, 
there is no change in valve position due to proportional and 
rate modes because (@—c) and dé/dt are zero. The integral 
term representing the reset response may not be zero be- 
cause its value depends on both the magnitude and the time 
of the deviation. 

The individual and combined responses of the propor- 
tional plus reset plus rate modes are shown for a cycling 
variable change in Fig. 9. The rate curve leads the variable 
curve by 90 degrees, whereas the reset curve lags the vari- 
able curve by 90 degrees. Owing to this inherent lag action, 
the reset rate (7) should be set at a low value unless rapid 
load changes are expected. 

The proportional-plus-rate and _ proportional-plus-rate- 
plus-reset responses are shown by the bottom curves. The 
advancing effect of rate and the lag effect of reset are shown 
clearly. 


CONTROL ELEMENTS 


The greatest attention should be given to the precision 
control valve. Butterfly valves, louvers, and dampers should 
be reviewed, but in less detail. 
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Fig. 8. Rate response to a “stable change.”’ 


Fig. 7. Schematic diagram of a pneumatic type of proportional controller. 


variable is zero. The second derivative is zero at a point of 
inflection; thus, the rate of change of valve position must 
be zero at this time; this defines points 1 and 3 on the valve- 
position curve of Fig 8. 

Equation 6 shows that there can be no change in valve 
position when the rate of change of the variable is zero. 
This is point 2 on the curve. 

With the valve position curve defined, it is possible to 
see how the rate response can be used to compensate for 
lag and dead time in the process. For example, beyond point 
1 valve movement reverses because the variable is again 
“approaching” the control point in the sense that the rate 
of deviation has decreased. From points 2 to 3, rate response 
prevents overshoot. From point 3 back to the original valve 
position, the response prevents overcorrection. 

Proper adjustment of rate response for a given process is 
tedious and time consuming, but important. If not adjusted 
properly, it usually is better to operate without it. Method 
of adjustment is largely trial and error, as for the other 
modes, despite a nurnber of recommended procedures. 

The mathematical equctions and response curves (as in 
Fig. 8) for each control mode should be studied. The com- 
plete equation for valve position with combined propor- 
tional plus reset plus rate modes is: 

t 
f (@—c) dt (8) 
0 


AP= (1/8) (6@—c) + (q/8) (d6/dt) + (r/s) 
where r is reset rate. The first term is the proportional re- 
sponse (s is the proportional band factor.) The second 
term is the rate action. The third term is the reset action. 


The student is familiar with the orifice equation, and it 
should be pointed out that the precision control valve is 
a variable orifice, with varying area and varying “K” fac- 
tor. This concept emphasizes the importance of good de- 
sign and good craftsmanship in the construction of the 
valve. It is also obvious that the valve should never com- 
pletely close, and the concept of rangeability is brought in 
naturally. For the valve to function properly, at least 50 
percent of the pressure drop in the flow line must be avail- 
able at the valve. The size and shape of the valve plug 
often are determined by trial and error in the plant. 

Characterization for control valves is a controversial 
subject. Some authorities are positive that the valve should 
have a semilogarithmic flow response to linear increments 
in valve position. They mention the “uneven” flow charac- 
teristics of the valve at the near-closed positions, and the 
greater change in flow that is brought about for the same 
valve movement in the operating range. 


On the other hand, other valve experts are certain 
that the valve should have strictly linear characteristics. 
They point out the simplicity of design and construction 
and ask the logical question, “Why do you have a con- 
troller if you aren’t going to use it?” They say that it is 
easier to make small adjustments in the controller responses 
than to design and construct a complicated valve plug. 
Also they claim better valve operation and better over-all 
process control. 


The instrumentation instructor is rarely a valve expert 
and should not take sides in this matter. His best course 
is to show the student both sides of the picture and to sug- 
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gest that he be diplomatic when he encounters a valve ex- 
pert with a definite opinion. 

The student should know valve construction. Diagrams 
and sections of solenoid and pneumatic valves should be 
studied, with attention to the plug and seat relationships, 
direction of flow, and packing considerations. 

The operation of the pneumatic valve often is unsatis- 
factory because of friction along the valve stem, poor dia- 
phragm characteristics, and hysteresis in valve response. 
The need for a valve positioner is indicated in such cases. 
Principles of operation of the valve positioner and a sim- 
plified diagram should be considered. 


PROCESS CHARACTERISTICS 


The process characteristics of main interest in automatic 
control are capacity, transfer lag, dead time, and self-reg- 
ulation. 

Capacity of the process is the determining factor in proc- 
ess reaction to change in conditions, due to its time effect. 
Capacity can be defined as the amount of energy absorbed 
by or released from the process per unit change of variable. 
For temperature-control operation, thermal capacity is the 
amount of heat required to change the temperature of the 
system by one degree. 

If a change is made in the energy entering a process, 
the rate of change of the controlled variable depends on the 
process capacity (Fig. 10). Flow processes usually have 
little capacity, pressure processes usually have a moderate 
capacity, liquid-level processes can have capacities of vary- 
ing magnitude, and temperature usually have 
high capacity. 

Transfer lag is found in processes in which there are 
more than two capacities. For example, there are two sig- 
nificant capacities in an oil-to-oil heat exchanger, the ca- 
pacity of the oil on the hot-oil side, and the capacity of the 
oil on the cold-oil side. There is a time lag brought about 
by the transfer of energy from one part of the system to 
the other through the retaining walls. As shown in Fig. 11, 
a process with a larger amount of transfer lag responds 
more slowly to change in controlled variable. Temperature 
processes and some liquid-level processes have considerable 


processes 


transfer lag. 

Dead time in the process is the time lapse between a 
change in controlled variable and its first indication. Sig- 
nificant dead time causes poor control characteristics; this 
factor should be reduced to a minimum. 

Self-regulation of a process is the ability of the process 
to regulate itself. For example, if outflow depends on level 
in a liquid level process, an increase in inflow will raise 
the level. This causes increased outflow. Thus the increase 
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in liquid level is partially compensated. Process self-regu- 
lation is an important asset to controller action 


CONTROLLER APPLICATION 


Each of the control modes is applicable to processes of 
certain characteristics. Many failures in controller applica- 
tion are caused by lack of attention to this point. 

The complete absence of lag and dead time in a control 
system permits the choice of any mode of control. As such 
processes do not exist, detailed analysis is required. Table 
1 shows the modes of control suitable for the various charac- 
teristics of a controlled system. The on-off mode is suitable 
for processes with slow reaction rate, small transfer lag 
or dead time, and relatively small process load changes, 
occurring slowly. The single-speed floating mode can be 
employed if the process reaction rate is fast, the transfer 
lag or dead time is slight, and the process load changes 
slowly. Under these conditions, relatively large load changes 
can be handled effectively. A large amount of process self- 
regulation required for successful application of the 
floating modes. 

The proportional-speed floating mode can be used if the 
process reaction rate is fast; the transfer lag or dead time 
slight, and the process load change is slow or moderate. 
Large load changes can be handled satisfactorily. 

The proportional mode may be applied if the process re- 
action rate is slow or moderate, transfer lag or dead time is 
slight to moderate, and process load changes are small. 
Load change can, however, occur at a relatively fast rate. 
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TABLE 1 APPLICABILITY OF CONTROL 


Process 


Reaction Dead Time 


Vode 


Slow Small Slow and small 


Fast 


I'wo-position 


Single-speed floating Slow 


Small 


Proportional 

Small Slow moderate 
Moderate Small 

Any Small 


Moderate Slow 


Fast or 
Moderate 
Moderate 


Any 


speed floating 
Proportional 
Proportional plus rate 
Proportional plus reset 
Proportional plus 


reset plus rate . Any Any Any 


Note The process must have self-regulation for any type of floating 


control 


be added to the proportional response 
transfer lag or dead time. 


tate response can 
to offset appreciable 

Reset response can be added to the proportional to take 
care of variations in process reaction rate. When reset re- 
sponse has been adjusted to the process, reaction rate may 
be either fast or slow, and large load changes can be ade- 
quately compensated. 

When both reset and rate modes are used with propor- 
tional, process reaction rate, transfer lag or dead time, and 
process load changes of appreciable magnitude can be taken 
care of properly. 

QUALITY OF CONTROL 

If time permits, the four types of process load changes 
and their effect on control quality should be considered. 
These are changes in associated variables, changes in de- 

Continued on page 438 
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Fig. 10. Effect of capacity on process reaction 
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Fig. 11. Effect of transfer lag on process re- 
action time. 





Control of Chemical Processes 


The third installment of this series presents the basic 


factors in the control problem, 


control of level. Self regulation, potential value, and po- asi 


tential deviation are defined. 


THE CONTROL PROBLEM 

In any given plant, satisfactory control depends on the 
following factors: 

(1) The ease or difficulty of making sufficiently con- 
sistent measurements of the controlled conditions with the 
required speed, sensitivity and sensitiveness. 

(2) The lags in the plant (and in the controller), and 
the capacity of the plant for abserbing energy and so tend- 
ing to slow down changes in the controlled conditions. 

(3) The closeness of the limits between which the con- 
trolled conditions must be maintained. 

(4) The amount of energy absorbed or 
process reactions and its relation to the values of the con- 
trolled conditions. 

(5) The nature of the process materials (and their tem- 
perature and pressure) as it determines the materials se- 
lected for those parts of the regulating units and detecting 
elements which come into contact with them. 

(6) The number of variables affecting the process, and 
the amount and nature of their variation. 

Present practice on chemical plants is, in most instances, 
to gontrol each variable separately (such as the feed rate, 
pressure, and temperature of ingoing materials in a con- 
tinuous process) and also to control the reaction itself on 
the temperature or pressure in the reaction vessel (or less 
frequently on some physical property of the product which 
determines its quality). At first sight it would appear that 
if the conditions are carefully controlled the final control 
of the reaction itself ought to be unnecessary. However, 
it is not possible to control the conditions perfectly, nor 
is it possible to control changes (such as a decrease of cata- 
lyst activity in a converter or of the heat transfer coefficient 
in a heat exchanger) which are continually taking place in 
the plant itself. No one who has been responsible for run- 
ning a chemical process of any complexity will question the 
need for this final control after steps have been taken 
to create constant conditions by controllers installed on 
the supply side. 

The total control problem can be broken down 
number of individual problems, in themselves more or less 
difficult to deal with according to the nature of factors (1) 
to (5) in each case. We shall, therefore, confine our discus- 
sion to the individual control loop and, by examining the 
demands made on the controller as factors (1) to (5) as- 
sume different degrees of importance, we shall show the 
need for the major types of control action employed. 

Considering factor (1), the controlled condition cannot 
be maintained constant within limits narrower than those 
within which it is measured. The effect of speed and sensi- 
tiveness of measurement on the control system was dis- 
cussed in Chapter 2. The lag in the measuring system will, 
in the following discussion, be considered as a part of the 
plant lag as far as the controller is concerned. Bearing this 
in mind, we can now consider factor (2). 
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LAGS IN THE PLANT 

In addition to the measuring lag, there will in general be 
two other types of lag in the plant—distance-velocity lag 
and transfer lag. 

Distance-velocity lag is simply the DELAY which occurs 
between the injection of a change in condition (say tem- 
perature or pH) of a plant material (generally a fluid) 
and the time at which this disturbance arrives at the de- 
tecting element. For example, if a liquid is heated by heater 
H in Fig. 3-1, the detecting element receives information of 
any change in heat input at a time after the heat input 
changes. This time lag is d/v, where d is the distance sepa- 
rating heater and detecting element, and v is the velocity 
of the fluid. Hence this time is called distance-velocity lag. 
Note that d/v is a time measured in units of time. 

The B.S.I. definition (2302) of distance-velocity lag is: 
The time interval between an alteration in the value of a 
signal and its manifestation unchanged at a later stage, 
arising solely from the finite speed of propogation of the 
signal. 

The A. S. M. E. defines distance-velocity lag as dead time. 
Another term used is transportation lag. The A.S.M.E. 
definition (204) for dead time is: Any definite delay be- 
tween two related actions; measured in units of time. 

Note that a true distance-velocity lag does not change the 
magnitude of the disturbance between input and detecting 
element. For example, if the pipe of Fig. 3-1 is perfectly 
insulated no heat is lost by the fluid in distance d and the 
temperature change remains at its initial value all the way 
along the pipe. In practice, however, a change nearly always 
occurs because of heat loss, ete. 

Transfer lag is that part of the transmission character 
istic, exclusive of distance-velocity lag, which modifies the 
time-amplitude relationship of a signal and thus delays the 
full manifestation of its influence (B.S.1. Definition 2303). 
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Fig. 3-2. A batch-heating process, illustrating transfer lag. 
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It is caused by the effective resistance and capacitance of 
the various elements in the system. 

The lag of a detecting element (Chapter 2) was seen to 
result from the combined effect of the resistance to heat 
transfer from process material to detecting element and of 
the thermal capacity of the element and its protective pocket. 
Thus it is a transfer lag and is of exactly the same nature 
as the transfer lags which occur in the plant between a 
source of heat and a process material or between the two 
sides of a heat exchanger. 

For example, a comparison of Fig. 3-2 and Fig. 2-4 shows 
that the transfer lag in a batch-heating process is exactly 
analogous to the thermometer in a sheath. Hence if the 
dimensions and materials of construction of the vessel are 
known, the transfer lag can be calculated in the same way 
as was employed for the detecting element. 

Distance-velocity lags produce no change in magnitude 
of the input disturbance, but only a delay before the effect 
is shown. Transfer lags produce both amplitude and phase 
changes. 

If the disturbance is a sine wave of period T; both types 
of lag result in a phase lag between the original disturb- 
ance and its appearance at the detecting element. If the lag 
(time between maximum point of disturbance and maximum 
response of detecting element) is L, then the phase lag 
caused by distance-velocity lag is 2 7 (L/T) radians; and 
the phase lag caused by transfer lag is tan ~! 2 7 (L/T) 
radians. 

Distance-velocity lag does not decrease the magnitude of 
the disturbance before it reaches the detecting element; how- 
ever, the transfer lag decreases the disturbance in the 
ratio: 

1: ¥1+ (27 L/T)-?. 

Note that this formula is the same as for the thermometer 
in a well (Chapter 2). Note also that as T increases, the 
ratio becomes closer to unity. The easiest way of examining 
the effects of lags is to consider the form of control most 
easily understood. 


TWO0-STEP ACTION 

The term “two-step” controller action now is used instead 
of “on-off” or “open and shut” action. The B.S.I. definition 
(2408) of two-step action is: A control action in which two 
predetermined control actions are alternated at a chosen 
value of the controlled condition.” 

The A.S.M.E. calls this action two-position action and 
defines it as: Two-position action is that in which a final 
control element is moved from one of two fixed positions 
to the other (definition 501la). 

Two-step action is thus given by a controller which sets 
the regulating unit at one of two positions according to the 
process requirements. Note that this term does not imply 
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that one setting necessarily represents “regulator shut” and 
the other “regulator full open.” The term suggests two dif- 
ferent settings of the regulator, and is a great improve- 
ment on the old term “on/off action” which did suggest (and 
originally did mean) that the controller either opened the 
regulator fully or shut it completely. A great deal of un- 
necessary trouble has been caused in industrial plants be- 
cause two-step action has been interpreted in this restricted 
sense and has been applied accordingly. 

Suggestions that two-step control action might be used 
much more with advantage are not always taken seriously 
by those accustomed to dealing with the more complex meth- 
ods which will be discussed later. There are, however, a 
great number of applications in which two-step control will 
give satisfactory results at low initial cost. It is fairly safe 
to predict that progress in the study of plant characteris- 
tics, coupled with the possibility of decreased measuring 
lags and greater sensitiveness of measuring units, will 
increase the use of this form of control. Certainly such 
progress will increase the tendency to employ the next 
simplest type of control, namely narrow-band proportional 
control. In view of the general lack of appreciation of the 
simple considerations involved in applying ‘‘two-step control 
action,” it is useful to discuss them. First, let us consider an 
ideal case and, by noting how practical cases depart from 
it, derive some working rules for application on the plant. 


LEVEL CONTROL BY TWO-STEP ACTION 

The purpose of controlling level is normally (1) to prevent 
a tank overflowing or emptying, (2) to maintain a constant 
head of liquid in the tank to supply a constant rate of flow 
of liquid to a process—that is, for indirect control of flow 
by level control, or (3) to keep the level in a tank or vessel 
between limits when the vessel is used as a surge vessel— 
that is, to smooth out disturbances in the flow to a process. 

The regulator in case (1) can be in the output or input 
pipe, but to meet the requirement of (2) and (3) it 
usually is in the input when two-step action is employed. 
Consider the level-contro] system shown in Fig. 3-3 when 
its function is to control the level LL to within +l inches, 
when the outflow from the tank is (1) constant and (2) 
varying. 

Case (1)—Outflow Constant. This condition will exist 
in a plant in which a feed of starting material is received 
from another process. This earlier process may yield the 
material as a by-product and at a varying rate depending 
on demand for the main product. There must therefore be 
some capacity between the two plants to absorb these vari- 
ations. 

Plant 2 (Fig. 3-3) will receive a constant flow Q,, con- 
trolled by the flow controller (F.C.) as long as there is some 
liquid in the storage vessel. The first requirement of the 
level controller is therefore to ensure that the vessel never 
empties nor becomes completely full. This can be ensured 
by setting the main supply valve (V) so that it delivers at 
a rate (Q; cu.ft. per min.) always somewhat less than the 
constant supply to Plant 2 (Q, cu.ft./min.), and arranging 
for the difference (Q,—Q,) to be made up from the storage 
vessel through valve v. 

Remembering that two-step control means that the level 
controller can give valve v only two settings (equivalent to 
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Fig. 3-4. Response of system in Fig. 3-3. 





q, OY q, cu.ft. per min.) we can now examine the operation 
of the controller. The expected fluctuations in Q, are such 
that Q, + ¢, <Q, <Q; + qo. 

Then if R radius of vessel (ft.) and the level is falling, 
immediately the level has fallen the preset amount (/ in.) 
below the desired level (LL) the controller sets valve v to 
give q, cu. ft. per min. Assuming that Q; remains constant 
during the next few minutes, the rate of rise of level will be: 

. 12 (Q; + dq — Q,)/(7R?) in. per min, 

The time for the level to reach the high-level limit is 

t, = 2l/r minutes. 

When the high level is reached, the controller changes the 
setting of valve v to give q, cu. ft. per min., and the rate of 
fall of level is: 
ry 12 (Q, — Q; — 9,)/(7R?) in. per min. 
and the time for the level to fall a distance 21 is 

ty 2//r. minutes. 

Fig. 3-4 shows the relation between inflow (Q,) from main 
supply, the make-up flow (q,, q.) and the level for a specific 
set of conditions—R is 4 ft., 1 is 6 in., Q, is 100 cfm., Q, is 
80 cfm., q, is 4 cfm., q. is 26 cfm. These values produce 
at, of 8 min. and a t¢., of 3 min. 

Note that the level cannot deviate by more than the preset 
+ 6 in. unless the main supply drops below 74 cu. ft. per 
min. (when the vessel would commence to empty) or rises 
above 96 cu. ft. per min. (when the vessel would commence 
to fill up). 

Case (2)—Outflow Variable. Exactly the same consider- 
ations apply if the outflow varies as the result of a new 
level of demand from Plant 2 in Fig. 3-3—provided the con- 
dition Q; + q. < Q@, < Q; + q, holds for all values of Q; and 
Q, likely to occur. 


qo 


LTAN 'T) 


Fig. 3-5. Effect of lag on re- 
sponse of system in Fig. 3-3. 








TIME ~—-* 


If changes in supply or demand are very variable, it will 
be impossible to arrange the proportion of “make up” flow 
so that the period of operation of the control valve is rea- 
sonably slow for all conditions. For small changes of supply 
or demand flow, the rate of increase or decrease of level wiil 
be too rapid. In such circumstances valve wear will also be 
rapid and any time lags in the system will become appreci- 
able and overshoot will occur as explained below. In these 
conditions another form of control should be used. 


EFFECTS OF LAGS ON 2-STEP CONTROL 

It has been assumed that measuring and controller lags 
are negligible. In practice they will generally be so in level 
control applications. However, it is interesting to examine 
the effect of a total measuring and control transmission 
lag of ¢ minutes, as this will be an important consideration 
in temperature control. 

The valve will take up its new setting t minutes after the 
level has deviated by + / in. from the mean value, instead of 
immediately this occurs. Therefore the rate of rise or fall 
will continue unchanged for another t minutes. The result 
will be an “overshoot” « on rising level and y on falling 
level, where x r,t and y ry. t (Fig. 3-5). Alternately 
the percentage overshoots are 100 t/t, and 100 t/t, respec- 
tively. For 10 percent overshoot on falling level, ¢ t.,/10. 
In case (1) above t,, 3 min. and ¢ t.,/10 0.3 min. 
The increase in deviation would be 1/10 of 6 in. 0.6 in. 

Note that the slopes of the curve for rising and falling 
level are r, and r.. These curves show the reaction of the 
process to the disturbance and are part of the “process 
reaction curve,” which shows the change in controlled con- 
dition caused by a disturbance in supply or load. 

PERFORMANCE OF 2-STEP LEVEL CONTROLLER 
It is clear that the two-step controller can meet the first 


requirement—namely, to keep the level within the prescribed 
limits of + 6 in. It would, however, be a help to the flow 
controller on the output, which is the feed to Plant 2, if 
the pressure at the base of the vessel were kept as constant 
as possible. In particular, cycling of level may cause ap- 
preciable disturbance in the flow control system if the 
periods of oscillation happen to coincide. 

If the tank is closed and under a pressure (P) very 
much greater than the pressure due to the head of liquid in 
the vessel, level variations of the order of + 6 in. will be 
completely negligible. For example, if P 250 lb. per sq. 
in., 6 in. change in level, equivalent to 0.22 lb. per sq. in., 
represents less than 0.1 percent change in total pressure. 
If the tank is open, and the depth of liquid 60 in., then a 
variation of 6 in. will cause a change of head of 10 percent., 
which is considerable. Applications will, therefore, arise 
in which it is necessary to control the level as closely as 
possible, while retaining the simple two-step controller. 
The main factor which determines the closeness of level 
control in a single vessel is the capacity of the vessel. In 
the same way, it will be seen later that thermal capacity 
plays the same part in temperature control by a two-step 
controller. 

EFFECT OF CAPACITY 

As shown by the equations for 7, and r,, the rate of 
change of level is inversely proportional to R*; hence the 
rate is inversely proportional to the capacity of the vessel 
per unit length (C). If the capacity of the storage vessel is 
doubled, the period of cycling will increase from 11 min. 
to 22 min., the rate of change of level will be halved, and the 
valve will change setting half as often. (Fig. 3-6). 


Fig. 3-6. Effect of change of capacity of storage tank. 
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Fig. 3-7. Effect of change of level limits. 


Note also that the frequency of the operation of the valve 
depends on the difference between the high and low levels. 
As the level difference is decreased, the frequency of opera- 
tion increases (Fig. 3-7). As there is an upper limit to the 
frequency of operation of a valve, the level difference can- 
not be reduced too far. 

It follows that if C is made large enough, it will be pos- 
sible to make the deviations in level very small and yet 
have slow cycling of the valve between its two positions. 
Capacity alone is, therefore, always an aid to smooth control 

If, however, resistances are associated with capacities, 
as in the two-vessel system of Fig. 3-8, transfer lags are 
introduced and are always a disadvantage, as we have 
seen in the case of detecting element lag. 

EFFECT OF RESISTANCE AND CAPACITY 

When resistance is associated with the capacity, the re- 
sult is an exponential process reaction curve. For example, 
considering the right-hand tank in Fig. 3-8 alone, with 
capacity C. per unit depth and a resistance F., to outflow, 
a constant rate of inflow would change the level at a rate 
shown by the dotted curve (a) in Fig. 9. The time constant 
of the system is C,R,. 

Continued on page 450 
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AKRON 
Russell F. Marquardt, 1782 Tonawanda Ave., 
Akron 5, Ohio. Tel: ST-6865 
Fourth Tuesday, Meeting 8:15 P. M., U. of 
Akron, Ayer Hall, Rm. 212-B 
April 28, 1953 “Instrumentation from Manage- 
ment’s Viewpoint.” 
ALBUQUERQUE 
F. Cox, 209 Gen 
querque, N. M 
Second Thursday, 
Mitchell Hall, Univ. 
ARUBA 
M. A. Davidson, P. 0. Box 452 c/o Lago Oil & 
Transport Co. Ltd., Aruba, N. W. L., 2087 
First Tuesday, 7:30 P. M., Engr’s Club 
ATLANTA 
M. Virgil Davie, 357 
Ga. Tel. E 3042 
Fourth Friday, Meeting 7:30 P. M., 
Bidg., Georgia Power Co 
BALTIMORE 
G. B. Greer, 631 East 
18, Md. Tel: CHesapeake 
Second Friday, Meeting at & 
Club of Baltimore. 
BATON ROUGE 
Thomas J. Folendore, 1540 Keed Avenue, 
Rouge, La. Tel: 3-5567 
First Monday, 7 P.M 
School Winbourne & N 
BLUE RIDGE 
David C. Moore, 
Va 
BOSTON 
Robert V. Meyer, Box 111, S. Lincoln, Mass 
Fourth Wednesday, Dinner at 6:30 P. M 
Meeting at 7:30 P. M., 99 Club, 99 State St. 
CALIFORNIA 
Robert W. Fulwider, 522 
Angeles 36, Calif. 
Second Wednesday, Dinner at 6 
ing at 8:00 P. M. 
CAROLINA PIEDMONT 
H. M. Messenger, 436 Sedgefield Rd., 


Hodges, Rd. N. E., Albu- 
Meeting at #:00 P. M., 
of New Mexico 


Sixth St., N. W. Atlanta, 


Electric 


36th St., Baltimore 
6879 


40 P. M., Enegr’s 


Baton 
Baton Rouge Trade 
24rd St 

425 B RFD #4, 


Box Roanoke, 


5 Wilshire Blvd., Los 


M. Meet- 


Charlotte, 


M., Meeting 
Charlette, 


. 
Second Friday, Dinner at 7:30 P 
at 8:30 P. M. Cardinal Restaurant, 
N. C. 
CENTRAL ILLINOIS 
Thomas A. Carroll, 721 
Ill., Tel: 4-8909 
Second Wednesday, Some dinner 
6:30 P. M., Meeting at 7:30 P. 
CENTRAL INDIANA 
Leon Stewart, Rock Island Refining 
P.O. Box 6091, Indianapolis, Ind. Tel: 
2377 
First Tuesday, 


Hurlburt St., Peoria, 


meetings at 
M 

Corp., 
CO- 


Business 
Famous 


Dinner at 7:00 P.M 
Meeting 8:00 P.M. MeClarney’s 
Restaurant, 1435 West Morris St 

CENTRAL NEW YORK 

C. M. Davies, 213 Beechwood Ave., 
N. Y. Tel: Syracuse 3-0252 

wee Monday. Dinner 6 P. M. Meeting at & 

. General Electric Auditorium or Solvay 
P; rocess Library. 
CENTRAL OHIO VALLEY 

J. C. Dilliner, 813 Winton Ave., 
Tel: Belpre 87596 

First Tuesday, Dinner at 7:30 ae Fe 
Hi-Way Grille, Rt. #2, about 8 miles south 
of St. Mary's, W. Va 

CHARLESTON 

J. A. Rothwell, 310 24th St., Dunbar, W. Va 

First Monday, Dinner at 6: 15 P. M., Meeting 
at 8:00 P. M., Kanawha Airport Terminal 
Bldg. 


CHICAGO 
Floyd FE. Ertsman, 
S. Dearborn St., 
9-0686 
First Monday, Dinner at 6:30 P 
at 8:00 P.M. Hotel Shoreland, 
CHINA LAKE 
Beuhring W. Pike, 606-A Essex Circle, 
Lake, Calif. Tei: 77782 
Third Thursday, Meeting at 8:00 P 
soa Lab., USNOTS, Conference 
CINCINNATI 
E. J. Geiser, 3666 Hubble Rd., 
Ohio Tel. Ja. 5618. 
First Monday, Dinner at 6:30 P 
8:00 P. M., Engineering Soc. 
Cc = a gy 
M. MeMillen, 


Liverpool, 


Belpre, Ohio. 


Rm. 1420, Fisher Bldg., 348 
Chicago 4, Ill Tel: WE 


M., Meeting 
Chicago, Ill 


China 


M., Michel- 
Room. 


Cincinnati 24, 


M., Meeting 
of Cinn 
, Thompson Products, 2196 
.-*~ Ave., Cleveland, Ohio 
Second Wednesday, Dinner at 6:30 P. M 
Meeting at 8:00 P. M., Cleveland Eng’r. 
Society, 2136 E. 19th St. 
COLUMBUS 
Kenneth I. Lea, 
Ave., Columbus 1, 
247. 


King 
Ext 


Institute, 505 
UN-3191, 


Battelle 
Ohio Tel: 
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Third Thursday, sattelle 


Auditorium 
CUMBERLAND 
Clyde Babst, 
Tel: 583-W 
Fourth Wednesday, 
Meeting at 
DENVER 
Karl F. Kent, Jr Umatilla, 
Colo. No regularly scheduled meetings 
of Denver, Bldg.--Campu 
DETROIT 
R. A. Hoxie, Basic 


Meeting at &:00 P.M 


Cumberland, Md 


225 Cecelia St., 


Dinner 
8:00 P, 


5030 Denver 11, 
Univ 


Science 


Service Corp., 14016 Wood- 
row Wilson, Detroit 6, Mich., Tel: TO-88043 

Third Wednesday, Meeting &:00 P. M., Rack- 
ham Memorial Bldg., 100 Farnsworth, De- 
troit, Mich 


EASTERN NEW YORK 
tobert W. Carter, Sterling-Winthrop Research 
Institute, Rensselaer, N. Y. Tel. Albany 
Ext. 262 
First Tuesday, Meeting at 8:00 P. M., Siena 
College, Loudonville, N. Y. Optional Dinner 
at 6:00 P. M., Circle Inn, Lathams, N 4 


FOX RIVER VALLEY 
John R. Redgrave, 109 S 
ton, Wis 


GULF COAST 
R. A. Block, 
Texas 
Last Tuesday, 
County Courthouse 


HOUSTON 
A. Costa, 714 East 17th St 
March 27, 1953, Installation of 
banquet 


KANSAS CITY 
Donald D Saker, 
Kansas 
First Tuesday, 
Kansas City, 
April 7, 1953 


LAKE CHARLES 
A. T. Clinger, Columbia Southern 
"= '* Lake Charles, La. Te 


5-6251 


Appleton St., Apple- 


2301 Avenue G", Nederland 


Meeting at 7:30 P. M., Orange 


Orange, Texas 


Houston &, Texas 
Officers and 


5840 Floyd Ave., Mission, 
Meeting at 7:30 P. M., U. of 
Science Bldg., Rm. 106 
“Aviation Instrumentation” 


Chemical 
Box 900, ‘ 


Monday, 
McNeese 


Dinner 
State 


after last 
meetings at 


Wednesday 
regular 
College 


LOUISVILLE 
Irving Lefkowitz, 900 Audobon Parkway, 
ville, Ky. 
First Monday, 
Auditorium. 


MONTREAL 
W. L. Toohey, Dominion Texciles Ltd., 
Sherbrooke St., West, Montreal, Tel. Gl 5711 
Last Monday of Month, Meeting &:00 P.M., 
Mechanics Institute 


MUSCLE SHOALS 
Atherton Hastings, Tennessee Valley 
ity, Div. of Chemical Engineering, 
Dam, Alabama. Tel: Sheffield 3160, 
6238 
First 
Chemical 
NEW JERSEY 
Eliot R. Hill, 
field, N. J. 
First Tuesday, 
House Hotel, 
NEW YORK 
R. A. Hutcheon, 45-65 196th St 
N Tel: BAyside 9-5432 
Dinner at 6:00 P 


Midston House, 


Louls- 


Meeting at 8:00 P.M., 


Seagram 


1950 


Author- 
Wilson 
Ext 
P.M., TVA 


R00 
Bldg 


Thursday, Meeting 
Engineering 
Plain- 


1125 Kensington Ave., 


Meeting 8:00 P. M., Essex 
Newark, N. J 


Flushing 58, 


M., Meeting 
38th St. & 


7. 
Third Monday, 
at 7:30 M 


Madison Ave. 
NIAGARA FRONTIER 


Duran L. Hagler. 214 FE. Delavan Ave., Buffalo, 
N. Y., Tel: ELmwood 1258 

Dinner at 6:00 P. M., Meeting 
N. Y. S. Technical Institute, 
Ave., Buffalo, N. 


NORTH TEXAS 
R. E. Byers, 6000 


NORTHERN CALIFORNIA 

Robert L. Norman, 351 42 St., 
Calif. Tel: BE 2-090] 

Third Monday, Dinner 6:30 P. M., Meeting 
8:00 P. M. Spengers Grotto, 1919 4th St., 
ong 

March 23, 1953, 
dling Fleshine Liquids” by 
Fisher Governor Co. 


NORTHERN INDIANA 
M. J. Duzmal, 10504 Avenue “J”, Chicago 17, 
Ill. Second Tuesday, Meeting at 8:00 P.M., 
Whiting Community Center, Whiting, Ind 


OAK RIDGE 
Thomas M. Gayle, 117 W. Vanderbilt 
Oak Ridge, Tenn. Tel: 2-1516 
First Wednesday Meeting at 
Recreation Hall 


at 8:00 P. M., 


1685 Elmwood 


Lemmon Ave., Dallas 9 


Richmond, 


“Seizing Control Valves Han- 
Glenn Brockett, 


Ridge 


ONTARIO 
John W. Huether, 311 Sutherland Dr., 
side, Ontario, Canada. Tel: HU-7114 
Fourth Thursday, Meeting at 8:00 P.M. Friend- 
ship Hall, College St. United Church, Toronto 


PADUCAH 
J. B. Russell, 
Second Tuesday, 

PANHANDLE 
George W. Leggett, 

rillo, Texas 
Third Tuesday in 
‘exas 

PERMIAN 
J. B. Jenkins, 
Second Tuesday, 

Oil Corp. Auditorium or 

PHILADELPHIA 

A. S. Chatfield, c/o American Meter Company, 
1513 Race St., Philadelphia 2, Pa. 
Third Wednesday, Meeting at &:00 P 
vue-Stratford Hotel. 

PITTSBURGH 
Dr A. H. Peterson, Mellon 

Fifth Ave., Pittsburgh 13, Pa. MA 1-1100 
Fourth Monday, Dinner at 6:30 P.M., Meet- 
ing at 8:00 P.M., Roosevelt Hotel 
March 26-27, 1953 Conference: Instrumentation 
for the Iron and Steel Industry 

PRESQUE ISLE 

Edwin P. Schuwerk, 4451, 
Erie, Pa. Tel: 2-2349 
Fourth Tuesday, Mestine 
Community Center, East Lake 
April 28, 1953 Election of Officers. 
New Penelec Power Plant 

RICHLAND 

J. R. Plee, 1309 
Tel: 5-8692 
Second Wednesday, 
American Legion 

ROCHESTER 

Ralph C. Schwartz, Jr., 137 
chester 10, N. Y. April 24, 
Correct Selection of Primary 
uring Elements” by V. Riggio. 

Fourth Tuesday, Meeting at 8:00 
of Rochester, Physics Lecture 

SARNIA 
L. J. Hall, 730 

Canada. Tel: 

Third Monday, 

SAVANNAH RIVER 
KF. P. Ledford, Jr., « 

Ga., 

E. I. du Pont de 
Augusta, Ga 

SOUTH TEXAS 
Homer C. Givens, 

Texas. Tel: 202 

First Thursday, Engineers Club 

SOUTHERN MICHIGAN 

Jack M. Fettig, 433 Thomas St., S.E. 
Rapids, Michigan. 
Fourth Wednesday, 
P. M. Meeting at 
2431 W. Michigan 

ST. LOUIS 


Lea- 


1407 W. 


200 


Main St., 
P.M 


Murray, Ky. 


Western Ave., Ama- 


1600 


either Amarillo or Borger, 
BASIN 

204 Sherwood, Kermit, Texas. 
Meeting at 7:30 P. M., Gulf 
Odessa College. 


M., Belle- 


Institute, 5500 


Halley St., 


at 8:00 P.M., » 
Rd., Erie, Pa. 
Tour of 


Roberdeau, Richland, Wash. 
Meeting 


Hall 


Blvd., Ro- 
“Guide for 


Meas- 


Unda 
1953, 
Temp. 


P.M., 
Hall 


Univ. 


Talfourd St., Sarnia, Ont., 
EDgewater 225 


2258. 
8:00 P.M., Y.M.—Y.W.C.A. 


o Field Project Manager 


Nemours and Co., Box 117 


P.O. Box 637, Falfurrias, 


Grand 
Dinner at 6:30 


Post, 


Mich. 


8:00 P. M., 
Red Arrow Legion 
Ave., Kalamazoo, 
4710 Delor St., St. Louis 16, Mo. 
, 8516. 
First Wednesday 
at 8:00 P.M., 
TOLEDO 
Howard R 
Ohio. 
Third Tuesday, Meeting at 8:00 P. 
Bldg., Toledo Edison Co 
TENNESSEE 
James L. Williams, 
enn. Tel: 2079-L 
TULSA 
A. J. 


After First Monday, Meeting 
Engineer’s Club of St. Louis. 


Daily, 2025 Scottwood Ave., Toledo, 


M., Service 


2237 Bruce St. Kingsport, 


Sesock, 845 South East Ave., Tulsa, 
Okla., Tel: 8-1112 
University of Tulsa Campus, Petroleum 


First Monday, Meeting at 7:30 P.M. 
TWIN CITIES 


John L. Schmidt, 1879 
Paul 4, Minn., Tel: 
Fourth Tuesday, Dinner at 6 
7:30 P.M.. Rm Coffman 

Union, U. of Minn. 


WASHINGTON 
Edward C. Lloyd, 2105 Spencer Road, 
Spring, Md. Tel: SH. 9340. 
Third Monday, Meeting at 8:00 P.M 5 
Co, Auditorium. 


WAYNE COUNTY 
Clarence Ellison, 2443 15th St., 
Michigan. Tel: Avenue 2-4178. 
Third Monday, Meeting at 8:00 P.M., 
Cafe, Lincoln Park, Mich. 


WILMINGTON 
W. C. Ruglass, 223 
Wilmington, Del. al: &-4441 
Second Tuesday, 8:00 P.M. Harlan 
36th & Washington Sts., Wilmington, 


Bldg. 


University Ave., St. 
DR 0064 
:30 P.M., Meeting 


353, Memorial 


Silver 


Wyandotte, 


Larson's 


Delaware Trust Bldg., 


School, 
Del. 
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Chicago 12, Illinois 


Research and Development 


Instrument Operation and Maintenance 


J. Johnston, Jr. 
kK. I. duPont deNemours & Co. 
Wilmington 98, Del. 
Testing Instrumentation 
D. C. Little 
Medical Research Laboratory 
Fort Knox, Ky. 
Analysis Instrumentation 
Dr. Axel H. Peterson 
Mellon Institute 
5th Avenue 
Pittsburgh 13, Pa. 
Instrumentation for 
Inspection and Gaging 
Thomas W. Marshall, Jr. 
RD #2, Box 777 
Verona, Pa. 


Chairman to be selected, 


Instrumentation for 
Production Processes 
C. A. Hansen, Jr. 
Knolls Atomic Power Laboratory 
Peek Street Site 
Schenectady, N. Y. 
Instrumentation for 
Transportation 
John J. McDonald 
Consolidated Engineering Corp. 
35 E. Wacker Drive 
Chicago 1, Illinois 
Medical Instrumentation 
Dr. H. J. Morowitz 
National Bureau of Standards 
Washington, D. C. 
Meteorological Instrumentation 
Christos Harmantas 
U. S. Weather Bureau 
Washington 25, D. C. 
Radiation Instrumentation 
Richard W. Johnston 
Radiation Instruments Branch 
1. S. Atomic Energy Commission 
Washington 25, D. C. 
Geophysical Instrumentation 
S. Kaufman 
Shell Oil Company 
3737 Bellaire Blvd. 
Houston 25, Texas 
Physical Properties Measurement 
Prof. H. C. Roberts 
University of Illinois 
Room 205, Talbot Hall 
Urbana, Illinois 


\eronautic Instrumentation 
Robert Tozier 
Lewis Flight Propulsion Labora- 
tory 
21000 Brookpark Rd. 
Cleveland, Ohio 


Data Handling 
Recommended Practices Division 


Recommended Practices 
A. V. Novak 
2256 Westway 
Orange, Texas 


Chairman to be selected. 
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SOCIETY A 
NER? 


Report of First Vice 
President D. M. Boyd, Jr. 
Definite advances have been made 
during the past year by the Recom- 
mended Practices Committee. Out- 
standing among these are the recent 
changes made in the National Elec- 
trical Code which 
has been amended 
as the result of 
a series of meet- 
ings sponsored by 
the Recommended 
Practices Com- 
mittee. These 
amendments clear 
up many of the 
misunderstand- 
D. M. Boyd, a ings inherent in 
instrument wir- 
ing in hazardous and semi-hazard- 
ous locations. At these meetings mem- 
bers of the Code Authorities were 
present, including C. M. Parks, Chair- 
man of Panel 14 of Hazardous Wiring, 
A. F. Matson and N. C. Westerberg 
of Underwriters’ Laboratories, Inc. 
and Stanley Earle of the National 
Fire Protection Bureau. These men 
responded with great interest to the 
problems of the instrument industry 
and as a result of the new edition of 
the National Electrical Code, which 
will be published this fall, will be of 
tremendous help in instrument design 
in hazardous areas and particularly 
in the design of contro] rooms in Class 
1, Division 2 or semi-hazardous areas. 
The points of greatest interest to 
the field of instrumentation are as 
follows: 
1. Restrictions on resistors, thermi- 
onic tubes and rectifiers were lifted 
so that these can be used in Class 1, 
Division 2 areas as long as they do 
not have make-and-break or sliding 
contacts and as long as the maxi- 
mum operating temperature of any 
exposed surface does not exceed 
80% of the accepted ignition tem- 
perature of the gas or vapor in- 
volved. 
2. Slide wires in thermocouple type 
pyrometers may now be used in 
Class 1, Division 2 locations. 
3. Transfer switches for thermo- 
couples in multiple indicating py- 
rometers will not be considered as 
power circuits and will also pass for 
Class 1, Division 2 requirements. 
Last November the Recommended 
Practices Committee sponsored the 
Second Joint Meeting of Instruments 
Users and Manufacturers. This meet- 
ing was a very successful one with 68 
attending, 32 of which were users and 
28 were manufacturers. The balance 
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were men representing technical mag- 
azines, etc. Many subjects were cov- 
ered, including the standardization of 
instrument ranges, coding, cut-out di- 
mensions, charts, valve characteris- 
tics and methods of marking and cali- 
brating control characteristics. The 
meeting also covered catalogs pub- 
lished by instrument companies, out- 
door instrument mounting, wiring in 
hazardous areas, air supply regu- 
lators, ratio controllers and the cod- 
ing of pneumatic lines. 

The subject of terminology was dis- 
cussed and the Recommended Prac- 
tices Committee is going to attempt to 
arrange an international meeting on 
terminology with all groups—Ameri- 
can, British and any other interna- 
tional groups—during the Interna- 
tional Instrumentation Conference to 
be held in Philadelphia in 1954. 

Some of the spade work which has 
been done by the Recommended Prac- 
tices Committee has produced definite 
results. To date the committee has 
published two Recommended Prac- 
tice, 9 Tentative Recommended Prac- 
tices and over 13 additional projects 
are in process. 

As a result of the Recommended 
Practices Committee annual meeting 
held in Cleveland on September 7, 
1952, and the Second Joint Instru- 
ment Users and Manufacturers Meet- 
ing held in Chicago on November 11, 
1952, two new subcommittees have 
been organized. 

RP-21 on Positive Dispiacement Me- 

tering; and RP-22 on Preferred In- 

strument Cut-Out Dimensions 

To date RP-22 has made a com- 
posite drawing showing the present 
cut-out dimensions of most of the 
miniature instruments on the mar- 
ket today and has been instrumental 
in influencing one of the instrument 
companies to adapt the case for 

their new instrument to fit into a 

preferred size already used by two 

other instrument companies. 

Two additional subcommittees will 

» organized in the near future 

RP-23 on Instrument Ranges 

This subcommittee will survey the 
possibility of getting the users to 
agree to reduce the number ef mini- 
ature chart recorder ranges they 
specify; and 

RP-24—Marking and 

Control Characteristics 

This subcommittee will work on 
the standardization of markings for 
pneumatic terminals. 

The standing subcommittees have 
also been very active: 

RP-1 Thermocouple Extension Wire 


Standards 


Calibrating 


This committee has been one of 
the most active subcommittees and 
to date has published RP1.1, “Cod- 
ing of Thermocouple Wire and Ex- 
tension Wire”, as a Recommended 
Practice; RP1.2, “Thermocouple and 
Thermocouple Extension Wire In- 
stallation”; RP1.3, “Thermocouple 
and Thermocouple Extension Wire”; 
RP1.4, “Fabrication of Thermo- 
couples”; and RP1.5, “Thermo- 
couple Checking Procedure” have 
been published as Tentative Rec- 
ommended Practices. In addition to 
these, they have three more projects 
which will also be ready for publi- 
cation this year. 

RP-2 Manometer Tables 

Tentative Recommended Practice 
RP2.1, “Manometer Tables’, pub- 
lished in 1948, is under consider- 
ation and its status will be changed 
from ‘Tentative Recommended 
Practice” to a “Recommended Prac- 
tice”’. 

RP-5 Flow Plan Symbols 

This subcommittee is collecting 
comments from the field, resulting 
from the tentative publication of 
RP5.1, “Instrumentation Flow Plan 
Symbols”. A compilation of these 
remarks will be published shortly. 
In addition to tke above RP11.1 

“Mercury Handling” has been pub- 
lished in a tentative status during the 
past year and RP7.1 “Pneumatic Con- 
trol Circuit Pressure Test” is ready 
for publication. Questionnaires are 
being prepared by Subcommittees 
RP-3—-Head Type Meter Auxiliaries: 
RP-8—Outside Instrument Protective 
Cabinets; RP-12—Instrumentation for 
Hazardous Locations; RP-13—TInstru- 
mentation for Corrosive Services; 
RP-18—Instrument Signals and 
Alarms; and RP-20 Instrument Speci- 
fications. The results of these ques- 
tionnaires will be available in a short 
time. 


Subcommittee RP-22 
Activated 

Albert F. Sperry, Secretary of the 
Recommended Practices Committee, 
has announced the formation of Sub- 

committee RP-22 
which was formed 
for the purpose of 
studying the prob- 
lem of miniature 
instrument cut- 
out dimensions to 
determine wheth- 
er it is possible 
to evolve a few 

J. G. Kerley standard cut-out 
sizes that will be satisfactory to all 
the present manufacturers and 
that will be a guide to manufacturers 
who are developing new miniature 
instruments. 

This Subcommittee, which is already 
at work, consists of the following 
members: J. G. Kerley, Chairman; 
A. F. Sperry, Secretary; F. H. Trap- 
nell; D. M. Boyd, Jr.; and P. S. 
Dickey. 
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President of Society to 
Address Pittsburgh Iron and 
Stee! Conference 


Running true to form, Porter Hart 
finds distance no obstacle in perform- 
ing his duties as President of the In- 
strument Society of America. Mr. 
Hart of Freeport, Texas, will deliver 
the introductory address at the Pitts- 
burgh Section’s Iron and Steel Con- 
ference to be held in the Roosevelt 
Hotel, March 26-27, 1953. 

Mr. Hart, a member of the Houston 
Section of ISA, has served in many ca- 
pacities in that 
Section’s activi- 
ties. He has per- 
formed his duties 
on the National 
level as Vice Pres- 
ident in charge of 
the Operations 
Division and as 
Secretary of the 
Society in a quiet 
efficient manner. 
He has the unique 
record of never having missed a 
National ISA meeting of the Council, 
Executive Board or of any Com- 
mittee on which he has served. 

After majoring in Physics at Michi 
gan State College, Mr. Hart joined 
the Dow Chemical Company in their 
Physics Laboratory at Midland, Mich- 
igan. There he spent much of his time 
in the development of chemical proc- 
ess control systems in relation to 
glass electrode pH and potentiometric 
measurements and his interest in in- 
struments grew. When Dow started 
a huge expansion program Mr. Hart 
was sent to the Texas Division at 
Freeport to assist in the engineering, 
construction, and start up of new 
plants. He is now Superintendent of 
Instrumentation. 


Porter Hart 


Two New Sections 
Granted ISA Charters 


The Executive Board, upon recom- 
mendation of the Sections and Mem- 
bership Committee, has voted to grant 
ISA Charters to two new Sections of 
the Society. 

The Paducah Section located at 
Paducah, Kentucky, with 105 mem- 
bers, and the Blue Ridge Section at 
Radford, Virginia, with 37 members, 
were both authorized on January 28, 
1953. There are no 60 Sections in the 
Society. 

Our heartiest congratulations go to 
these two newest Sections of the So- 
ciety together with our best wishes for 
many years of mutually beneficial as- 
sociation with the National Organiza- 
tion. 


John F. Hoskinson 


The Cleveland Section has notified 
the National Office of the death of 
John F. Hoskinson. Mr. Hoskinson 
joined the Society in 1949. 
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National Council Revises 
By-Laws 


The National Council at its meeting 
of September 8, 1952 amended the 
By-Laws of the Society with respect 
to the methods of admission of the 
various grades of members. 

The Articles and Sections 
are: 

“Article I, Section (7) of the By-Laws 
shall be changed to read as follows: 
“Admission to the Society in the 
grades of Member-at-Large and For 
eign Member shall be by action of 
the Sections and Membership Com- 
mittee.” (This change substitutes the 
words “Sections and Membership 
Committee” for the words “Execu- 
tive Board”’.) 

This change automatically calls for 

revision of Article II, Section (3), 

in that the words “Sections and 

Membership Committee” shall be 

substituted for the words “Executive 

Board”, and the word “Committee”’ 

for the word “Board’’.” 

Article I, Section (7) now reads: 
“Admission to the Society in the 
grades of Member-at-Large and 
Foreign Member shall be by action 
of the Sections and Membership 
Committee.” 

Article II, Section (3) now reads: 
“Application for membership in the 
Society in the grades of Member-at 
Large and Foreign Member shall be 
made by filling out the “Application 
for Membership” form and submit- 
ting it with one year’s dues to the 
Society Manager. The Manager shall 
submit the application as promptly 
as possible to the Sections and Mem- 
bership Committee for consideration. 
Upon receiving the results of the 
vote of the Committee, the Manager 
shall notify the applicant of the re- 
sults of the vote. Approval by the 
Committee shall constitute election 
to membership.” 

Section 4 was added to Article II of 
the By-Laws. 

Section (4) “Application for membe1 
ship in the Society in the grade of 
Corporate Member shall be made by 
filling out the Corporate Membership 
application blank and submitting it 
with one year’s dues to the Society 
Manager. He shall in turn promptly 
submit the application to the Execu- 
tive Board for consideration. Upon 
receiving notification of the Board’s 
vote, the Manager advise 
the applicant. Approval of the ap 
plication by the Executive Board 
shall constitute election to membe1 
ship.” 


affected 


shall SO 


Patrick L. Stapleton 


It is with deep regret the National 
Office learned of the recent death of 
Patrick L. Stapleton of the Eastern 
New York Section. “Pat” was a fa 
miliar figure in instrumentation, hav 
ing been engaged in this work for 
forty years at General Electric Com- 
pany. 


Conference and Exhibit News 

Conference Sessions of the Eight 
National Instrument Conference and 
Exhibit, September 21-25, 1953 will 
be held in the Hotel Morrison, Chi- 
cago, Illinois. The Exhibit for the 
many participating Instrument Manu- 
facturers will be held in the Hotel 
Sherman, Chicago..Owing to the size 
of the Exhibit, all available space 
was reserved for this purpose at the 
Hotel Sherman, making it necessary 
to arrange for the Annual Meetings 
and Technical Sessions at the Hotel 
Morrison. 

The Exhibit was originally planned 
for 266 booths, but the demand for 
reserved booths in the 
first three months of the booth sale 
period. Fortunately, and additional 
area was available on the Sixth Floo 
of the Hotel Sherman and 39 booths 
were laid out in this area. Of these 
39 booths, all but eight were reserved 
by Instrument Manufacturers and the 
eight open booths are being held for 
Cooperating Societies. No previous 
Exhibit has ever had a complete sell- 
out of space so far in advance of the 


space these 


opening date. 


The Exhibit will consist 179 In- 
strument Manufacturers and five Co 
operating Societies occupying 305 


booths. 


A list of the companies which have 
contracted for space are as follows: 
\lina Corporation Allegany Tnstrument Co 
Ine American Instrument Company Ameri 
ean Meter Company Ampex Eleetrie Corpora 
tion Anders-Lykens Corporation Annis Com 
Associated 
Valve & 
Company 
\utomaty 
Automatic Temperature Con 


pany: Askania Regulator Company 

Ineorporated Associated 
Kngineering Co Atkomatic Valve 

Automatic Eleetrie Sales Corp 


Switch Company 


Research 


trols Co Aviation Envineert 
Bailey Meter Company: Baird A 


Barton Instrument Cor 


Corporation 
sociates; Bar 
ber-Colman Company 
poration seckman Instruments, Ine lames 
G. Biddle Company; J 
Black 


plane Company 


Bishop and Company 
Sivals and Bryson soocin \ir 
sourr Laboratories Bow 
Bridgeport Thermostat Di 
vision Robertshaw-Fulton Controls Co.: Bristol 
Brookfield Engineering Lab srooks 
Brush Development Com 
suffalo Meter 
Burling 


er Incorporated 


Company 
Rotameter Company 
pany: Builders-Providenee, Ine 
battery 
Carboloy 

Centur 


Chemiquip Company 


Company; Burges Company 


Instrument Company Department 
General Electric Compan Geophysical 
Corporation Commercial 
Research Lab 
solidated Engineering 
ment Company; Cook Electrie Company; R, W 


Crawford Fitting Com 


Conotflow Corporation; Con 
Corp... Continental Equip 
Cramer Company, Ine 
pany; Crosby Steam Gage & Valve Company 
DeZurik 


Power Specialty 


Daven Company; Davis Instrument 
Shower Company Diamond 
Durant Manufacturing Company; F. W 
Manufacturing Co Kagle Signal Cor 
Kastman Kodal 
Company Thomas A, Edison Incorporated 
Electric Auto-Lite Company Emmett Machine 
& Manufacturin Tie Kngineering Research 


\ssociates biste rline Angus 


Corp 
Dwyer 


poration Compat hadi 


Company hal 
Farris Engineering Corpora 
Fielden Instru 


ment Division Robertshaw-Fulton Controls Co 


strom Company 
tion Fenwal Ineorporated ; 
Fischer and Porter Company Fisher Governor 
Company: Flexonics Corporation: Foster Engi 


neering Company Foxboro Company Fulton 
Sylphon Division Robertshaw-Fulton Controls 
(ieneral Mills 
Incorporated; General Vrecision Laboratory 


a. M 
Aircraft Corporation; Claud & 


Co Gieneral Eleetrie Company 
Gianni d Compan Tne (ioodyear 
Giordon Com 
pany; Gow-Mae Instrument Company Ciray 


hill; Green Instrument Compan Hagan Cor 
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ISA 
EMPLOYMENT SERVICE 
Forward your letter to INSTRUMENT 
SOCIETY OF AMERICA 
1319 Allegheny Ave., 
Pittsburgh 33, Pa. 











AERONAUTICAL ENGINEER. (Flight Re- 
search) Work centers about stability and con- 
trol. Flight programs, instrumentation, data 
gathering techniques and analysis are per- 
formed. Minimum experience is 2 years. Loca- 
tion: Buffalo, N. Y. Box 786. 


AERONAUTICAL ENGINEER. (Wind Tun- 
nel Operation) This is an excellent opportun- 
ity for young men with an aeronautical option 
or degree to enter the field of wind tunnel 
operation. After a short period of informal 
training, the graduate would receive the assign- 
ment of assistant project leader. In this post 
he would assist in the planning of test pro- 
grams and instrumentation requirements for 
model tests and airflow calibrations. Actual 





EXHIBITORS 


fontinued 


Hammel Dahl Company Hankiso 
Corporation licoid Gag 


poration 
Corporation Ha 
Division American Chain & Cable mpan 
Hetherington and Berner Tneorporated: Hill 
MeCanna Compar Hoh Tneorporated Mii 
Imperial Brass Mf Com 
par Industrial Fleetronic Industrial Engi 
g Corp Industrial Instrument Corp 
Industrial Instruments [ne Industrial Labora 
tories Industrial Pyrometer & Supply Co 
Industrol Corporation Instrument Laborator 


nois Testin Labs 


neering 


Servic Instruments Publishir Compar 
lergusor (rage ind Valwe Compar 
Chemical Equipment Compan W \. Kates 
Company; Kieley and Mueller T[neorporated 


Compan Lapp 


King Engineering 
Company, Ine leeds and Northrup Corpora 


ope Incorporated 
ae) Lonergan Compans Magnetrol Ineor 
porated Mannin Maxwell & Moore Tne 
Marine and Industrial Products: Mason-Neilan 
Regulator Company; M-B Manufacturing Com 
pany, Ene MeAlear Manufacturis 
Measurements Corporation Meriam Instrument 
Midwestern 
Geophysical Laboratory Milton Roy Compat 
Mine Safety Appliances Company: Minneapoli 
Honeywell Reg Compar Mittleman Elec 
tronics Corporation; Moore Products Company 
Murphy and Mil 


Company 


tion: Leslie Company: Libra 


Company 


Company Metrotype Corporation 


Samuel Moore and Company 
ler Incorporated; Nash Engineerin 
New Hermes Engraving Machine Ine North 
\merican Philips Company ; Clear Tnstru 
Ohmart Corporation 


Panellit 


ment and Chemical Co 
Palmer Thermometers Incorporated 
Ineorporated Parker \pplianes Company 
Penn Industrial Instrument Corp Perki 
Eimer Corporation Permutit Company Pot 
ter Aeronautical Company Potter Instrument 
Company Production Instrument Company; 


Proportioneers, Incorporated Radio Corpora 


tion of America; Republic Flow Meters Com 
pany Research Controls Robertshaw-Fulton 


Controls Co Robinson Aviation Rockwell 


Manufacturing Company Servomechanisms 
Incorporated; Shand and Jurs Company; Sher 
man Electric Company; Special Serew Products 
Company; Standard Electric Time Compan 

Streeter -Amet Company: Superior Electric Com 
Surpre- 


pany Superior Dube Company 


nant Manufacturing Company Swartwout 
Company Swiss Jewel Company Taco West 
Corporation Taylor Instrument Companies; 
Fechnical Charts, Incorporated; Telechron Dx 
Telecom 
puting Corporation; Thermo Electric Company 
rigerman Engineering Company; T. 0. T. B 
Netherlands) ; Instrument Con 
pany; Trinity 
trut Products Company 
Division of American Machine & Metals, Ine 
Vapor Recovery Systems Veeder Root Ineor 
porated Vitro Corporation of America; Wal 
lace and Tiernan Products: The Weatherheac 
Webber Appliance Company, Inc 
\ M. Welch Manufacturing Co Westber 
Manufacturing Company: Weston Electrical In 
strument Co Yarnall- Waring 


partment General Electric Company 


Trimount 
Equipment Corporation Uni 


United States Gauge, 


Company 


Company 
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experience will also be gained in the super- 
vision of data reduction, analysis, and report 
preparation. Location: Buffalo, N. Y. Box 787. 


ELECTRONIC ENGINEER. (Analog Com- 
puter) Degree plus an ability to perform actual 
electronic work. Would be required to devise 
special electro-mechanical devices to aid in 
analog simulation. Familiarity with hardware 
is a must. Location: Buffalo, N. Y. Box 788. 


ELECTRONIC ENGINEER. (Instrumentation) 
Degree in electronics plus about 5 years experi- 
ence in circuit design or instrumentation. 
Would be responsible for the design and devel- 
opment of flight research instrumentation for 
performance data and control. A knowledge 
of “hardware” and an ability to work with 
same is required. Location: Buffalo, N. Y. Box 
789. 


ELECTRONIC ENGINEER. (Tactical Photog- 
raphy) Degree in electronics plus about 7 years’ 
experience in experimentation and instrumen- 
tation for physical research. Must have a 
knowledge of problems (and solutions) as- 
sociated with the tactical use of photography. 
Location: Buffalo, N. Y. Box 790. 


ELECTRONIC ENGINEER. (Development) 
Would plan and carry out difficult and impor- 
tant work pertaining to development in any or 
all of the following areas: communications, 
dynamic systems, electrical measurement and 
instrumentation, The responsibility inherent in 
this position demands a background of at ieast 
5 years of significant technical achievement. 
Location: Buffalo, New York. Box 791. 


ELECTRONIC ENGINEER. (Computers, Ra- 
dar, Telemetering) Graduate with at least four 
years of experience in electronic design and 
testing in any of the above fields. Location: 
Buffalo, N. Y. Box 792. 


ELECTRONIC ENGINEER. (Full Research 
Engineer) Graduate degree with at least six 
years of experience in electronic research and 
development. Would be responsible for techni- 
cal direction of and engineering contributions 
to major development projects in one or more 
of the following areas: communications, dy- 
namic systems, production design practice, 
electrical measurements and instrumentation. 
Location: Buffalo, N. Y. Box 793. 


ELECTRONIC ENGINEER. Graduate elec- 
tronic engineer with experience and interest in 
such fields as: design of small, special-purpose 
electronic computers; radar and microwave 
applications, servomechanisms, complex control 
systems, missile guidance, and telemetering. 
Staff positions available at all levels. Location: 
Buffalo, N. Y. Box 794. 


MECHANICAL ENGINEER. (Layout) Degree 
plus at least 4 years’ experience. Would initi- 
ate layout of aircraft components and mechani- 
cal units and detail work to others. Must be 
able to handle analytical work, such as stress 
analysis, be familiar with shop practices, and 
be capable of assuming full leadership of a 
project. Location: Buffalo, N. Y. Box 795. 


ENGINEER, Chicago manufacturer wants qual- 
ified engineer to head small but growing engi- 
neering department of recently established 
rapidly expanding instrument division. Design, 
development and product experience with me- 
chanical and electrical instruments and con- 
trols needed. Ability to organize and supervise 
group necessary. Application should include 
complete resume of education, experience and 
past earnings. Box 796. 


INSTRUMENTATION INSTALLATION EN- 
GINEERS AND DRAFTSMEN. Wanted by 
company engaged in atomic energy expansion 
program located at Paducah, Kentucky. Work 
includes the fabrication and erection of proc- 
ess piping. For details regarding job classifi- 
cation, salaries, housing, etc. write Box 797. 


INSTRUMENT ENGINEERS. For applying 
instrumentation and writing specifications for 
chemical process, industrial and A.E.C. proj- 
ects. Location: Los Angeles, California. Box 
783. 


INSTRUMENT ENGINEER. Top grade. Must 
be capable of writing instrument specifica- 
tions from process flow sheets and following 
job through drafting, purchasing, field installa- 
tion and plant startup. Desire man capable 
of instructing customers’ instrument men in 
handling instruments in new refineries as they 
are installed. Location: Des Plaines, Illinois. 
Box 784. 


ASSISTANT CHIEF ENGINEER. Wanted by 
manufacturer of butterfly, slide and gate valves 
located in Southwestern Connecticut. Must 
be experienced in designing and estimating 
valves with manually and automatically op- 
erated control mechanisms. Attractive salary 
and opportunity to assume complete charge 
in short time. Give full details about your 
education and experience, to be held confiden- 
tial. Box 785. 


GOVERNMENT SERVICES 
To apply for any of the following 
Federal Age ney positions, write direct 
to the Agency holding the position for 
official application form. 


U. S. NAVAL ORDNANCE TEST STATION, 
INYOKERN, CHINA LAKE, CALIFORNIA 
MECHANICAL ENGINEER. Instrument Engi- 
neering and Development Division, Test Depart- 
ment. Duties will be concerned with design of 
photographic, optical, and mechanical instru- 
mentation for the ground ranges, and design- 
ing instruments for the assessment of data ob- 
tained from the range test. Qualifications in- 
clude, in addition to design experience, a 
good understanding of the basic principles 
of electricity, electronics, and optics, since in- 
cumbent must often coordinate work on _ his 
projects with engineers who specialize in 
those fields. Also required is a knowledge of 
engineering report writing techniques, and the 
ability to supervise and direct other engineers 
and draftsmen. $5940 per annum. 


ELECTRONIC ENGINEER. Design and de- 
velopment of electronic instruments for use 
in free-flight ballistic experiments on Fin- 
stabilized rockets. $5060 per annum, 


ELECTRONIC ENGINEER. Electronic _ re- 
search and development in the field of meas- 
urement. $5068 per annum. 


ELECTRONIC ENGINEER. Application of 
new theories in the field of automatic control 
and instrumentation. Desire extensive knowl- 
edge of servomechanisms. $5910 per annum. 


MECHANICAL ENGINEER. Design, develop, 
and service instruments and devices for pre- 
cise aerodynamic and ballistic performance, 
measurement observation on rockets, guided 
missiles, and other ordnance equipment. In- 
struments may be mechanical, optical, elec- 
trical, or combination of all three plus elec- 
tronics. $5060 or $5940 per annum. 


MECHANICAL ENGINEER. Design of pho- 
tographic, optical, and mechanical instrumen- 
tation for the ground ranges, and designing 
instruments for the assessment of data ob- 
tained from the range tests. $5940 per annum. 


GENERAL ENGINEER. Design, develop, and 
service instruments and devices for precise 
aerodynamic and ballistic performance, meas- 
urement observation on rockets, guided mis- 
siles, and other ordnance equipment. Instru- 
ments may be mechanical, optical, electrical, 
or combination of all three plus electronics. 
$5060 or $5940 per annum, 


Continued on page 427 
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A Recording Infrared Analyzer ° 


Abstract. Various types of non-dispersive 
infrared analyzers are discussed briefly in 
this paper and comparisons are made be- 
tween the principal types. A double beam 
recording infrared analyzer incorporating 
two separate radiation detectors of the 
acoustic type is described in detail and 
some of its applications are explained. A 
number of analyzers of the type described 
are in continuous service in refineries and 
chemical plants and others are being ap- 
plied in research laboratories where con- 
tinuous recording of gas composition is 
required, 


| N recent years a number of simp'i- 
fied infrared analyzers which pro- 
vide continuous, rapid analysis of plant 
streams have been developed. These 
analyzers make use of selective filters, 
selective radiation detectors, or com- 
binations of the two to remove or make 
effective certain parts of the spectrum 
instead of using a prism or grating to 
disperse the spectrum as in the labora- 
tory type spectrometer. 

Elimination of delicate optical com- 
ponents in the non-dispersive analyzer 
results in greater simplicity, lower cost 
and improved ruggedness as required 
for continuous service under plant op- 
erating conditions. A number of infra- 
red analyzers of the non-dispersive 
type have been described in the litera- 
ture’, but at the time development 
was started on the instrument to be 
described here (late 1945) there was 
no analyzer available commercially 
which met the requirements of versa- 
tility, high sensitivity, and stability 
demanded by the petroleum and chemi- 
cal industries. 

Theory of Operation 

Absorption of infrared radiation by 
gases is the result of excitation of vi- 
brational and rotational energy states 
in the gas molecules, and the intensity 
and wavelengths absorbed therefore 
depend upon the molecular structure 
characteristic of the gas. 
as nitrogen, oxyzen, hydrogen, and the 
noble gases which either have home- 
atomic molecules or are monatomic 
show no absorption of infrared radia- 
tion, while gases such as carbon diox- 
ide, carbon monoxide, and the hydro- 
carbons which have hetero-atomic mol- 
ecules absorb strongly in the infrared. 
The infrared absorption spectra for 


Gases such 


*shell Development Company, Emeryville, 
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propane and propylene shown in Fig. | 
are typical and demonstrate the possi- 
bility of measuring either gas in the 
presence of the other or in a_ non- 
absorbing gas by means of an instru- 
ment capable of detecting radiation of 
a particular wavelength or band of 
wavelengths. 

The usual methods of achieving dis- 
crimination in non-dispersive infrared 
analyzers are as follows: 

(1) Selective 

2) Selective 
filter) 

(3) Selective detection 
Any one or combinations of these prin- 
ciples may be used in the design of an 
analyzer, but selective emission is not 
generally practicable. 


source emission 


filtration (negative 


The non-dispersive analyzers which 
have been described in the literature 
are the negative filter and 
detector types. The negative filter type 
instruments make use of non-selective 
radiation detectors, such as bolometers 
or thermocouples, and depend upon se- 
lective filtration (absorption of charac- 
teristic regions of the spectrum by gas 
filled cells) to provide the necessary 
sensitivity and discrimination. Selec- 
tive detector type analyzers incorpor- 
radiation detectors made selective 


selective 


ate 
to the particular regions of the spec- 
trum required for the analysis. 

The usual form of the detector com- 
prises: (1) a sealed chamber which is 
filled with a pure sample of the gas 
to be measured and provided with a 
window to admit infrared radiation, 
and (2) a sensitive microphone to de- 
tect small pressure changes in the gas. 
Kither type of analyzer may be pro- 
vided with additional filter and com- 
pensation cells to improve discrimina- 
tion, and in general the two types are 
equivalent insofar as discrimination 
among various gases is concerned, 


Comparison of Types of 
Non-Dispersive Analyzers 

In analyzers of the negative filter 
type it is necessary to measure very 
small changes in a large hackground 
signal since the detectors respond to 
the entire spectrum while the gases 
absorb only a small fraction of the 
total radiation. This fact imposes se- 
vere requirements on the sensitivity of 
the electrical measuring circuit and on 
the stability of both the electrical and 
optical systems. Since full scale deflec- 
tion is often required for less than 0.1 


per cent change in the intensity of one 
beam, even very small deposits of for- 
eign material on windows or retlecting 
surfaces may cause serious error. 
On the other hand, the intensity 
changes ordinarily measured in selec- 
tive detection type instruments are 
relatively large, because the detectors 
respond essentially to only those wave- 
lengths which are characteristic of the 
component to be measured in the analy- 
sis. In most applications full scale de 
flection intensity 
change of 15 per cent or more, and 
even in trace analysis applications 
(e.g. 0 - 100 ppm of CO.) the full scale 
deflection corresponds to an intensity 
change of the order of 5 per cent with 
cell of length 


corresponds to an 


a sample reasonable 
(<30 cm). 

Although the URAS instrument de- 
veloped by Luft® incorporates the se- 
lective type detector and is an excellent 
form of analyzer for many relatively 
simple applications, it suffers from a 
lack of flexibility since the two halves 
of the differential detector can not be 
conveniently filled with different gases. 
This difficulty reduces the effectiveness 
of the URAS type analyzer in the anal- 
ysis of multi-component hydrocarbon 
further disadvantage of 
the original URAS instrument lies in 
the use of a differential measurement 
instead of a ratio or null balance sys- 
tem. The latter disadvantage has been 
models based 


mixtures. A 


overcome in some recent 
on the URAS design. 

In order to fill the need for a sensi- 
tive, stable infrared analyzer of maxi- 
mum versatility, the development of a 
double-beam analyzer incorporating 
two separate selective detectors of the 
type and a ratio measuring 
circuit was undertaken. This analyzer 
and its application are described in the 
this paper. 


acoustic 


following sections of 
Basic Principle of Detector 

The principle used in the selective 
radiation detector was first investigated 
by Bell, Tyndall, et al'' as early as 
1880 and was later applied by Luft’ in 
Germany, Pfund’ in the United States, 
and Veingerov’ in Russia about 1938, 
apparently independently. The detector 
consists basically of (1) a sealed cham 
ber filled with an absorbing gas and 
provided with a window to admit infra- 
red radiation, and (2) a sensitive mi- 
crophone to measure pressure changes 
in the gas. If cyclically interrupted or 
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chopped radiation passes into the cell, 
the gas is alternately heated and cool- 
ed, producing small pulses 
which are picked up by the microphone 
and converted to an a-c electrical sig- 
nal suitable for amplification and re- 
only the alternating 
pressure is measured, the detector zero 
is independent of ambient temperature, 
and the detector can be designed to 
have a very small change in sensitivity 
with temperature. The use of chopped 
radiation also results in rapid response 
to changes in the incident radiation. 


pressure 


cording. Since 


Any one of several types of micro 
phone might be suitable for use in the 
detector cell. Tests were made with 
condenser, dynamic, and crystal micro- 
phones in the preliminary stages of 
the development, and it was concluded 
that the condenser type oTered the 
best compromise on sensitivity, stabili- 
ty, and reproducibility. This type also 
could be designed most easily to oper- 
ate in hydrocarbon or corrosive atmos- 
pheres without deterioration of the mi- 
crophone or changes in composition of 
gas fillings. 

Detector Cell Theory 

A simple theory of detector cell op- 
eration with a condenser microphone 
gives the following for the 
voltage developed across the terminals 
of the microphone when a quantity of 
radiation dq is during the 
open half-cycle of the chopper: 

(y 1) (2r/ re") Vdq 


equation 


absorbed 


dV 


(rypre 4 Stu) d (1) 
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microphone polarizing 
voltage 

ratio of specific heats for 
the gas 

radius of diaphragm 
radius of fixed electrode 


where V 


total pressure of gas 

diaphragm tension 

volume of cell 

d electrode spacing 

Equation 1 is useful in the design of 
the cell and microphone and also sug- 
gests the interesting possibility of in- 
creasing the output signal by mixing 
the infrared absorbing gas with a neu- 
tral gas such as argon which has a 
high ratio of specific heats, 7. This 
procedure is particularly advantageous 
when the absorbing gas is to be a C, 
or Cs; hydrocarbon these have 
low values of y. 

It is usually desirable to use a rela- 
tively low partial pressure of absorb- 
ing gas in order to realize maximum 
discrimination (sharp bands), and since 
pressure broadening is not a significant 
factor with most gases, the total pres- 
svre can be increased to atmos 
phere by addition of argon. In addition 
to increasing the output signal, effects 
of small leaks are minimized by oper- 
ating at atmospheric pressure. 

In general there will be an optimum 
concentration of the absorbing gas to 
give maximum signal because, as the 
concentration of the absorbing gas is 
increased, the absorbed energy, dq, in- 
creases but the value of y for the mix- 
ture decreases. Calculation of the opti- 
mum concentration is not practical be- 


since 


one 


PROPANE 


AND PROPYLENE 


cause of the complexity of the spectra 
in most cases, but optimum conditions 
can be found quite readily by experi- 
ment. 

In order to compare the dependence 
of detector output signal on the ratio 
of specific heats, y, with that predicted 
by Equation 1, measurements were 
made of the signal at several partial 
pressures of the absorbing gas—in one 
case with a neutral gas added to make 
one atmosphere total pressure, and in 
the other case with the absorbing gas 
alone. The effect of the spectrum was 
eliminated by plotting the ratio of the 
signal with the neutral gas added to 
the signal with the pure gas at the 
same pressure. This ratio is given by 

iy 1) (yepz + B) 
F = " 
(yx 1) (yp + B) (2) 
where y and yx are ratios of specific 
heats of the gas mixture and the pure 
absorbing gas, respectively; ps is pres- 
sure of the absorbing gas; p is total 
pressure of the gas mixture; and B is 
a constant of the detector cell. The 
close agreement of the results with 
theory is illustrated in Fig. 2 which 
shows the ratio as a function of pres- 
sure of the absorbing gas for mixtures 
of n-butane and argon. 

The phenomenon of acoustic 
nance, which has been neglected here, 
at first appeared very attractive be- 
cause it was found possible to increase 
the detector cell output signal several 
fold by a suitably designed resonant 
acoustic chamber. However, extensive 
tests with such detectors showed that 


reso- 


March 1953--1.S8.4. Journal—Page 32 











0 100 ; 400 


n-Butane Partial Pressure - mm Hg 
Fig. 2 Multiplication of Detector Cell Oat- 
put by Addition of Argon to n-Butane 


sensitivity and phase variations with 
temperature were excessive for a sat- 
isfactory plant instrument. The final 
detector cell was therefore designed to 
avoid acoustic resonance and phase 
shifts. 

Although this type of detector 
might at first appear extremely sensi- 
tive to mechanical vibrations because 
of the sensitive microphone, this has 
not been a serious factor in practice. 
Precautions have been taken to reduce 
effects of vibrations in the analyzer 
by (1) mounting the two detectors so 
that vibration signals are largely can- 
celled, (2) sharply tuning the amplifier 
to the chopping frequency to attenuate 
unwanted signals, and (3) using syn- 
chronous rectification of the amplifier 
output signal. 


General Description of Analyzer* 

The basic form of the infrared ana- 
lyzer is shown schematically in Fig. °. 
Radiation from an infrared source is 
split into two beams by reflectors 
which direct the beams first through 
a rotating shutter, which interrupts 
them at 20 cycles per second, and then 
through filter and sample cells into 
the acoustic detector cells. The elec- 
tronic amplifier and recorder circuits 
are arranged to record the ratio of the 
two detector cell responses. 

The cell fillings indicated in Fig. 3 
are for a typical application in which 
it is desired to measure gas A in a 
mixture of A, B, and C which are all 
infrared absorbing gases. One detector 
cell is sensitized with gas A and the 
other with a mixture of B and C in 
proportions which result in equal re- 
sponse of that cell to changes in either 
B or C in the sample gas. 

It has been assumed that gases A 
and C have overlapping absorption 
bands and the filter cell in the path 
of the A detector is therefore filled 


*The apparatus described is manufactured 
by the Applied Physics Corp., Pasadena, 
California under a license agreement. 
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with pure C to minimize interference 
from this component in the sample, 
while the other filter cell is filled with 
a neutral gas, N. Since the sample 
containing A + B + C passes through 
absorption cells in both beams, the 
recorder responds to the ratio of A to 
B + C and can be calibrated in terms 
of concentration of A. 

The components of the analyzer are 
assembled in two basic units, an op- 
tical unit and an electronic unit in a 
common housing. In addition to these 
basic units there is a constant voltage 
transformer and, in applications re- 
quiring close control of detector cell 
temperature, an electronic proportional 
temperature controller. 

The apparatus is housed in a steel 
recorder-type case, 33% inches wide, 
22% inches high, and 14% inches deep, 
arranged for wall or panel mounting. 
The case is provided with a gasketed 
door closing the entire front and with 
sample and electrical connections at 
the back. A photographic view inside 
the instrument is shown in Fig. 4, and 
a photograph of the optical unit is 
shown in Fig. 5. 


Infrared Source and Chopper 
Assemblies 

The infrared source consists of a 
spiral of nichrome ribbon heated to 
approximately 525°C by current from 
a voltage regulating transformer. The 
source is mounted in a holder provided 
with cooling fins and attached to an 
aluminum block which serves as a 
beam splitter. The two exit ports of 
the beam splitter are sealed with silver 
chloride windows and the bottom of 
the aluminum block is fitted with a 
drying tube which is filled with Ascar- 
ite to remove carbon dioxide and water 
vapor from the air filling the source 
and beam splitter unit. 

A rotating sector dise driven at 600 
rpm by a synchronous motor inter- 
rupts the two beams in phase at 20 
cycles. The opposite opaque sectors 
of the shutter disc may be of metal 
to chop the entire spectrum or of vari- 
ous filter materials (such as fused 
quartz or lithium fluoride) to chop 
selected regions of the spectrum, there- 
by improving discrimination in certain 
applications. A pair of cam-driven 
breaker contacts are also mounted on 
the chopper shaft to provide synchro- 
nous rectification of the output of the 
electronic amplifier. 


Filter and Sample Cells 
The design of the gas cells is such 


Vo (REFERENCE VOLTAGE) 
Pa ishto et petanitane 


a 
CONDENSER 
ELECTRODE 


that windows are sealed only on the 
filter and detector cells; the sample 
cells are sealed by Hycar “O” rings on 
the filter and detector cells. This con- 
struction minimizes the number of 
windows and permits easy disassembly 
and cleaning of surfaces exposed to 
the sample stream. The cells are of 
heavy walled stainless stee! construc- 
tion and have highly polished 
inch inside bores for transmission of 
the beams by multiple reflection as well 
as by direct passage through the cells. 


one- 


Windows may be of sodium chloride, 
lithium fluoride, fused quartz, or othe) 
material depending upon the region of 
the spectrum required for the applica 
tion. They are cemented or gasketed 
to the cells and held in compression 
with retainer rings. 

Each filter cell is provided with a 
stainless steel, Teflon-packed needle 
valve for evacuation and filling and an 
appendage which may be filled with 
Ascarite or drying agent to remove 
carbon dioxide or water vapor from 
the gas filling. Stainless steel compres- 
sion fittings and flow lines are provid- 
ed for conducting the sample through 
the sample cells. 


Detector Cells 


Each detector cell is made in two 
sections which re bolted together with 
a copper ring gasket between them. 
The front section, which serves as the 
absorption chamber, is sealed at the 
front with the window and is provided 
with a reflector mounted on spacers at 
the back to prevent radiation from 
striking the microphone diaphragm. 
The back section contains the micro- 
phone, electrical connections, needle 
valve, and drying tube. 

The condenser microphone has a 
stretched diaphragm of tantalum foil 
0.0005 inch thick and an electrode spac- 
ing of 0.0015 inch. A small fixed pneu- 
matic leak between the two sections of 
the cell maintains static pressure equi- 
librium and permits evacuation and 
filling of the cell through the needle 
valve on the back section. 

The two detector cells are mounted in 
an aluminum thermostat block which 
is maintained at a temperature of about 
45° C by electrical cartridge type heat- 
ers connected in a temperature control 
system. In critical applications an elec- 
tronic proportional controller with a 
thermistor as the temperature sensi- 
tive element is used. In less critical 
applications a bellows type thermally 
sensitive element is used in conjunction 
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Electronic Unit 

The purpose of the electronic portion 
of the analyzer is to convert the m 
crophone output signals at the | 
of a few millivolts and an impedance 
of about 200 megohms to a signal pro- 
the ratio of 
and 


portional to these at a 


level impedance suitable 
for operation of a standard 
This is 


by means of the circuit shown in | 


voltage 
potentio 
meter recorder. accomp 
in block diagram form. 

Referring to Fig. 6 it 
that one microphone is supplied with 
a fixed negative polarizing 
voltage and the other is supplied with 


may be seen 


reference 


Ite 


a variable polarizing voltage of 
site sign. The two fixed electrodes are 
connected together at the input of the 
amplifier so that the difference or error 


oppo 


signal is amplified. Since the signal 
from each detector cell microphone is 
proportional to the infrared 


and to the polarizing 


energy, 


dq, absorbed 


Fig. 4 


voltage, V, the error signal is given by 

P kidqV k.dqV (3) 
The error signal is first amplified by 
an a-c amplifier then rectified by the 
synchronous rectifier on the chopper 
drive shaft and finally amplified by 
a d-c amplifier. If the over-all ampli- 
fier gain is G and the output is V. 
when the error signal is zero, the out- 
put of the d-c amplifier, which is fed 
back to the variable 
polarizing voltage, is given by 

V V Ge 
Substituting « 
Equation (4) and solving for the volt 
V; gives 


microphone as 


(4) 


from Equation (3) into 


age ratio V, 
V. dq: 
Ghidq 

V, dq: 


1 4 Gk, dq 


The first term in the numerator of the 
right-hand side of Equation 5 is usual- 
ly of the order of one, and the loop 
Vol. 26 
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Fig 5 
gain including either detector cell, 
Gkdq, is large compared to one. Thus 
Equation 5 may be reduced to the fol- 
lowing approximation: 


V: = keedq 


k.dq: 


& 


® 
~wioetanhisn ids 


Inside View of Analyzer 


Since the loop gain is ordinarily 200 
or more, Equation 6 is a good approxi- 
mation and the ratio of polarizing volt- 
ages is inversely proportional to the 
ratio of the absorbed infrared energies 
multiplied by the detector cell sensitivi- 
ty factors. 


Recorder—Sensitivity and Stability 

Since the negative polarizing voltage 
is regulated, the positive polarizing 
voltage output of the analyzer can be 
connected to any suitable voltmeter if 
only indication is required. For continu- 
ous recording the output can be con- 
nected to a recording milliammeter or 
preferably to a potentiometer recorder. 
The method of recording which has 
been adopted most generally is to re- 
cord the ratio of the two polarizing 
voltages with a modified Brown Elec- 
tronik Recorder. 

In this application the standard and 
dry cells and normal measuring circuit 
of the recorder are not used but are 


Optical 


Unit 


replaced by a circuit which includes in- 
dependent zero and span adjustments 
covering the normal range of analyzer 
outputs. In plant applications the cir- 
cular chart recorder is normally used 
because of convenience in storing 
charts and the ease of conversion to 
an automatic pneumatic controller. 
At maximum recorder sensitivity, 
which provides full scale deflection for 
5 per cent change in one detector cell 
signal, the noise level is + 2 per cent 
0.10 per cent change in 
detector signal. This noise level corre 
sponds, for examp!e, to change of + 10 
ppm CO in a 27 cm sample cell (0 to 
500 ppm CO full scale). The long term 
stability is such that maximum devia 
tions correspond normally to less than 
+ 0.15 per cent change in sample trans- 
mission over periods up to 80 hours. 


of seale or + 


Determination of Cell Fillings 
and Lengths 

In general, the problem of determin- 
ing the optimum detector and _ filter 
cell fillings and sample and filter cell 
lengths in any given application is a 
very complex one. Methods which have 
been described for negative filter type 
analyzers also apply to selective de- 
tector type instruments if some modi- 
fications are made. 

In simple applications where there is 
little or no overlap of absorption bands 
of the significant components, results 
may be predicted reasonably well by 
graphical integration of the absorp- 
tion curves. This method, however, be- 
comes very tedious in complex applica- 
tions and is often misleading because 
the absorption curves are limited by 
the resolving power of the spectro- 
meter on which they were run, while 
the gas-filled detector has essentially 
“infinite” resolving power for the gas 
with which it is filled. 

The system which has been found 
most satisfactory in determining suit- 
able cell arrangement makes use of 
a single channel of the analyzer itself 
as a “computer” to evaluate the in- 
tegral of the product of source emis- 
sion, filter transmission, sample 
cell transmission, and detector cell 
absorption over all the wavelengths 
effective in the analysis. This is accom- 
plished by measuring the detector out- 


cell 
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Fig. 7 
put signa! as a function of concentra- 
ion of each component in the sample 
cell with various combinations of filter 
and detector cell fillings. Families of 
curves of effective transmission vs 
concentrations of sample components 
are then plotted, and from these the 
optimum arrangement may be selected 
directly or by interpolation. 

When all the components of the mix- 
ture to be analyzed are infrared ab- 
sorbing gases, it is usually desirable 
to arrange the analyzer so that the 
mixture appears to it as a binary mix- 
ture. This may be done by making one 
detector sensitive to one component 
only and the other detector equally 
sensitive to all the remaining compo- 
nents. If this is done, the analyzer is 
practically insensitive to changes in 
the absolute pressure or temperature 
of the sample over a wide range of 
composition. 

Applications 

The infrared analyzer has been ap- 
plied to a large number of gas streams, 
some including as many as seven major 
components, Some of the compounds 
which have been measured are CO, CO,, 
HCl, hydrocarbons, and other organic 
gases through C,’s. Although the ap- 
paratus has not been used in analysis 
of liquid streams, this would be possi- 
ble in cases where a gas filling can be 
found for the detector cell which has 
a spectrum sufficiently similar to the 
liquid to be measured to give the re- 
quired sensitivity and discrimination. 

A few interesting gas analysis ap- 
plications will be described. These are 
measurement of ethane-ethylene ratio 
in a feed stream to an ethyl chloride 
plant, measurement of ethylene in 
ethyl chloride plant vent gas, measure- 
ment of isobutane in the bottom stream 
of a de-isobutanizer column, and meas- 
urement of 0 to 500 ppm CO in various 
gas streams. 

Ethane-Ethylene Analysis 

In the control of a pilot plant for 
preparation of ethyl chloride the meas- 
urement of ethylene to ethane ratio 
in the feed gas was required. The ap- 
proximate composition of the feed 
stream was as follows: 

Compound 

Ethane 

Ethylene 

Acetylene 

Methane 

Propylene 


Mole Per Cent 
40 - 60 

40 - 60 

0.5 (0-1) 

0.3 (0-0.6) 

0.1 (0.0.2) 
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The cell arrangement used in this ap- 
plication is shown in Fig. 7. The filter 
of acetylene in one beam reduces sen- 
sitivity to changes in acetylene in that 
beam to a value essentially equal to 
that of the other detector and thus 
cancels out the effect of variation in 
acetylene content of the sample. Inter 
fercnce from the other two components 
was negligible their low 
concentrations and variations. 
The analyzer was calibrated for 40 to 
GO per cent ethylene as per cent of the 
sum of ethane and ethylene. Recorded 
readings in this range are accurate to 
than + 0.5 per cent absolu e 
variations of interfering 


because of 
small 


betver 
with normal 
components. 
Measurement of Ethylene in Ethy! 
Chloride Plant Vent Gas 

In another application to ethyl chlo- 
ride production the infrared analyzer 
has been used for measurement of 
ethylene in the vent gas of the full 
seale plant. The approximate composi- 
tion of the vent gas is as follows: 

Normal 


(Mole per 
cent) 


Limits 
(Mole per cent) 


Ethylene 60 
Methane 20 
Ethane = OR 15 
Acetylene 3 
Propane 2-2 
Ethyl Chloride y 2 
Hydrogen Chloride 


Compound 


aw 


xO 


The presence of seven widely varying 
components made impracticable the us- 
ual technique of measuring the ratio of 
ethylene to the sum of the other com- 
ponents, and a technique was 
therefore devised to the re- 
quired selectivity. As indicated in Fig. 
8 the two detector cells are both filled 
with ethylene but at different partial 
pressures. This method gives a high 
degree of discrimination without seri- 
ous loss in sensitivity to ethylene be- 
cause the detector containing 50 mm 
of ethylene is much more sensitive to 
changes in ethylene in the sample than 
is the detector containing 200 mm of 
ethylene, while both detectors are about 
equally sensitive to the interfering 
components, 

The filter cells filled with ethyl chlo- 
ride and ethane further improve dis- 
crimination. Ethyl chloride is the only 
component which causes significant in- 
terference with a discrimination ratio* 
of 25 or more in the range 0 - 50 per 


new 
achieve 


Arrangement for Measurement of Ethylene in 
Chloride 


Ethylene no 


Argon TI 


Ethyl 
Plant Vent Gas 
cent ethylene. Thus ethyl chloride vari- 
ations between 2 and 25 per cent will 
introduce a maximum oa + 0.6 
per cent on the ethylene reading. 
The operation of the analyzer on the 
vent gas stream is shown in the record- 
er chart in Fig. 9. The cyclic variations 
in ethylene concentration over a range 
of about 10 to SO per cent ethylene are 
caused by approximately hourly batch- 
wise additions of catalyst to the re- 
actor. The analyzer demonstrated very 
clearly the effects of deterioration and 
replacement of catalyst on the plant 
operation and suggested more frequent 
addition improve. effi 
ciency, 
/sobutane-normal Butane Analysis 
Measurement of isobutane in the bot 


erro? 


of catalyst to 


tom stream of a de-isobutanizer column 
is required in controlling operation of 
the column. The approximate composi 
tion of this stream is as follows: 
Compound Mole Per Cent 
v-Butane 94 - 99 
/sopentane 0.5 - 3.0 
Isobutane 0.5 - 3.0 
This unique in that the 
principal components have practically 
no differences in their spectra at wave- 
lengths shorter than about 7.5 microns. 
It is therefore advantageous to make 
the shorter wavelengths ineffective by 
lithium fluo- 


sectors in place 


problem is 


using a chopper having 
ride as its “opaque” 
of metal. Since lithium fluoride 5.5 mm 
thick transmits out to a wavelength of 
microns, only the longer 
wavelength radiation, where the lithi- 
um fluoride is opaque, is chopped and 


about 7.5 


produces pressure pulses in the detec 
tor cell. The sensitivity to changes in 
isobutane in normal butance is_ in 
creased by a factor of 2.8 with a lithi 
um fluoride chopper as compared with 
a metal chopper, 

For measurement of isobutane in the 
de-isobutanizer bottom the cell 
arrangement shown in Fig. 10 is used. 
This arrangement provides perfect 
compensation for variations ia sample 
pressure and temrerature at 5 per cent 


stream 


isobutane and discrimination of 3:1 


against variations in isopentane. Thus 
variations in sample density introduce 
negligible errors in isobutane readings 
throughout the range 0 to 10 per cent, 


*Discrimination ratio is defined as the ratio 
of response to a given change in concentra- 
tion of the measured component to the re- 
sponse to an equal change in concentration 
of the interfering component. 
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and variations in isopentane between No significant improvement in that the most effective isobutane band 
0.5 and 3.0 per cent introduce a maxi- crimination against isopentane at 8.45 microns is overlapped by a 
mum error of about + 0.4 per cent found when an isopentane filter broad isopentane band extending from 
absolute. used, This is explained by the about 8.2 microns to 8.9 microns as 
shown in Fig. 11. An isopentane filter 
therefore decreases sensitivity without 
improving selectivity. It is interesting 
to note that in the reverse problem, 
i.e. measuring isopentane in the pres- 
ence of isobutane, a filter of isobutane 
is quite effective in improving discrim- 
ination as one might expect from the 
nature of the absorption curves. 
Measurement of Traces of CO 
In a number of chemical manufactur- 
ing processes and in the fuel gas indus- 
try it is of interest to continuously re- 
cord carbon monoxide in the range 0 to 
500 ppm or less. The recording infrared 
analyzer is ideally suited for this ap- 
plication since CO has a moderately 
strong absorption band in the neighbor- 
hood of 4.69 microns, and discrimina- 
tion against interfering components 
usually present is relatively high. With 
the cell arrangement shown in Fig. 12 
a full scale sensitivity of 500 ppm CO 
is obtained. Under these conditions the 
CO is recorded with an accuracy of bet- 
ter than + 10 ppm when no interfering 
components are present. Discrimination 
ratios for some typical interfering 
components are as follows: 
} Compound Discrimination Ratio 
Pe a & ~ Carbon Dioxide 3300 
Ss a : 5 ae ZZ Methane 14000 
SV SS Kthane 890 
a — Ethylene 435 
Fig. 9 Recorder Chart Showing Variation of Ethylene Concentration Between Additions The sensitivity to CO may be in- 
<a creased further by increasing the sam- 
ple cell length and increasing electrical 
i sensitivity (in the recorder). The prac- 
|ARGON 560 mm tica] limit of sensitivity in this appli- 
cation is probably about 100 ppm full 
scale with the present instrument. 


r 
|(SOBUTANE 200mm 
DETECTOR CELL NO 


Conclusions 
The selective detector type infrared 
analyzer has proven itself a valuable 
instrument in continuous recording of 
composition of gas mixtures for plant 
control purposes and has been success- 
fully applied to automatic control in a 
| cguyrieit 600mm pilot plant process. In addition to plant 
LITHIUM FLUORIDE DETECTOR CELL NO 24 applications the analyzer is being used 

CHOPPER |ARGON 560 mm ° ° 

WINDOWS» NoC! \ in several laboratory problems involv- 
Fig. 10 Cell Arrangement for Measurement of Isobutane in Bottom Stream of ing measurements of carbon dioxide 
De-Isobutanizer and carbon monoxide. Because of the 
inherent versatility of this type of in- 
frared analyzer, its field of application 
has already been extended beyond the 
petroleum and chemical industries into 
at nergy Absorbed other industries and into academic and 
by Isopentane-fill industrial research laboratories, and 
Cell this trend will undoubtedly continue. 


Energy Absorbed by 
Isobutane -filled Cell ¢ SAMPLE ~ i 


_—A ae 
co 
DETECTOR CELLS 


Cell Length ocr 9em 27cm ——  GARBON MONOXIDE, 50mm 
Pressure ( ARGON, 710 mm 


“REFERENCE CELLS 


Wave Length in Microns WINDOWS: NoCi 


Fig. 11 Absorption of Isobutane and Isopentane in the 8.5 ‘ig. 12 Cell Arrangement for Measurement of Carbon Mon- 
Micron Region oxide in Air 
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RSQG valEveite - 


e EXCERPTS FROM THE R-S BOOK OF EXPERIENCE - 


R-S VALVES 
Operate EASILy 


Above or Below Floor Level 


Because of their comparative light weight and mini- 
mum space requirements, R-S Valves are particularly well 
adapted for installation at considerable heights above the 
floor level. In such positions they are usually operated 
manually by chainlever, chainwheel, extended reach rod 
or controlled automatically. 

Where the valve must be installed in an inaccessible 
position below the floor level, a floor stand is provided. 
Control is just as quick and uniform as in those installa- 
tions where the handwheel is mounted directly on the 
valve shaft. 

Simplicity of design, the wide range of application and 
ease of operation indicate the high order of metallurgical 
and mechanical engineering that is embodied in every 
R-S Valve. 


Consult your local R-S Valve Engineers, or write direct. 


R-§ PRODUCTS CORPORATION 
4600 Germantown Avenue, Philadelphia 44, Pa. 


An S. Morgan Smith Company Subsidiary 
DISTRICT OFFICES IN PRINCIPAL CITIES 
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No. 688—Heavy duty chainlever valve for 
quick opening or closing in elevated and in- 
accessible locations. R-S Valves are used to 
control and shut-off the volume and pressure 
of nearly all materials in the temperature 
range from minus 300 to plus 2000 F. 

2 to 2500 psig. 





No. 788—Heovy duty valve equipped with 
rubber seat, totally enclosed gear reduction 
drive, extended shaft and floor stand. Posi- 
tive shut-off is obtained up to 125 psig with 
rubber seated valves and commercially tight 
shut-off to even higher pressures with a 
babbitted seat. 





No. 839—8-inch heavy duty valve equipped 
with 125-pound flanges, 18-8 shafts, bronze 
bushings and a throttling type motor oper- 
ator for the control of low pressure air. 
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Electronic-recorder PICKUPS 


The many available pickups for use with electronic 
recorders use similar basic principles—all change either 
resistance, capacitance, inductance, voltage, frequency, 
or phase. Typical types of each kind are described. 


ICKUPS whose electrical prop- 

erties change with temperature, 

pressure, tank weight, fluid flow, 
torque, pH, or other process variable 
are used in conjunction with electronic 
instruments to measure and record 
the variable. The electrical properties 
of some pickups are changed directly 
by the variable. In others, an electro- 
mechanical transducer is used to con- 
vert the physical variable to an elec- 
trical signal. 

DIRECT-ACTING PICKUPS 

A thermocouple is a common direct- 
acting pickup. The junction of two 
dissimilar metals generates a voltage 
proportional to the temperature dif- 
ference between the measuring june- 
tion and a reference junction. This 
voltage can be measured and recorded 
by an electronic potentiometer-type 
instrument. 

Another direct-acting temperature 
pickup is thermoresistive metal. A 
resistance wire is enclosed in a pro- 
tection tube and some method of con- 
ducting the heat from the walls of 
the tube to the wire is provided. Nicke! 
usually is used as the thermoresistive 
material; platinum or copper can be 
used in special applications. Although 
the change in resistance of nickel is 
not linear with temperature, it follows 
a smooth, reproduceable curve. For 
temperature measurement of noncor- 
rosive, nonconducting fluids, the re- 
sistance wire can be used bare; this 
decreases the time-constant ef the 
pickup by eliminating the protection 
tube and heat transfer medium. 

The pH cell is a third type of direct- 
acting pickup. The voltage output of 
the cell is a function of the degree 
of acidity or alkalinity of the sample 
of fluid in which the cell is placed. 

Two types of direct-acting pickups 
can be used for measuring light in- 
tensity or wavelength. The first is the 


photoresistive cell: Light rays falling 
on certain materials cause the mate- 
rial to change electrical resistance in 
proportion to the light intensity, wave 
length, or combination thereof. The 
second type of pickup 
the photovoltaic principle: 


operates on 
Light rays 
falling on certain sensitive materials 


Cc 


Fig. 1. Statham variable-resistance pickup, 
using unbonded elements. 


generate a voltage in the material, 
depending on the intensity of the rays. 

Direct-acting pickups also operate 
from a change of self or mutual in- 
ductance caused by a change of core 
material in an inductor or transform- 
er. This type of measurement can be 
used in material analysis work where 
the specimen is used as the core of 
either an induction coil or a trans- 
former. 

A direct-acting liquid-level gage can 
be made based on the variation in 
capacitive reactance with change in 
dielectric material. By using a con- 
centric cylinder-type capacitor which 
runs from top to bottom of a tank, 
a change in liquid level will cause a 
measurable change in capacitive re- 
actance. Where the liquid under con- 
sideration is a conductor, the liquid 


By J. E. WITHERSPOON 
North American Aviation, Ine. 


itself can be used as one plate of the 
capacitor; the other plate is insulated 
from the fluid by a material which 
serves also as the dielectric of the 
capacitor. As the liquid level is 
changed, the capacitive reactance will 
change because the effective plate area 
of the capacitor is being changed. 

The electrical conductivity of a 
liquid is used in a sensing element 
which operates on a change of re- 
sistance with liquid level. As the level 
changes, more or less of the resistance 
of the sensing element is shorted out. 
Thus the resistance is a measure of 
the liquid level. 


UPPER 
END ROD 


INSULATOR 


4 
ji? »-f 
J@ of 1] 


* PERMANENT 
MAGNETS 


PRE SSURE 
FITTING 


Fig. 2. “Vibrotron” pickup for pressure 
measurement, made by Byron Jackson for 
Wright Engineering Co. 














April Meeting: Thursday, the 
16th, Rio Hondo Country Club, 
Downey, Calif. 

Feature: “Specialized Prob- 
lems Pertaining to Measurement 
and Control” by Frank W. At- 
kinson, American Meter Co., Inc. 














March 1953—Instruments—Page 429 





INDIRECT-ACTING PICKUPS 

The heart of indirect-acting pick- 
ups is the electromechanical trans- 
ducer by which mechanical motion is 
converted to a proportional change in 
an electrical property. The mechan- 
ical motion may be rotational (as 
in the a-c. or d-c. generator), 
linear (as in the stretching or com- 
pressing of a bar of metal), or tor- 
sional (as in the twisting of a drive 
shaft under load). The electrical 
changes may be in resistance, induc- 
tive or capacitive reluctance, or volt- 
age amplitude, frequency, or phase. 





Strain Gage Transducers 

The strain gage measures stress 
forces applied to a system by meas- 
uring the strain on the system. Elec- on 
trical transducer systems are designed 
adie dies aiaate, dedianie taxa ™ Fig. 3. Baldwin load Fig. 4. Wiancko En- 
“ a e strain in¢ ucec in the sys- cell, using variable-re- gineering load pickup, 
tem causes a proportional (or some sistance strain-gages using force ring and 








other direct function) change in one bonded to column. variable-reductance 
of the six basic electrical variables 
resistance, inductance, capacitance, 
voltage, frequency, or phase. 

One type of variable-resistance 
strain-gage transducer operates from 
a change of electrical resistance 
caused by change in length and di- 
ameter of a wire when it is stretched 
or compressed. The wires may be 
either bonded directly to the mechan- 
ical part of the transducer or, as 
shown in Fig. 1, strung from insu- 
lators which are rigidly mounted on 
the mechanical part of the transducer. 
The resistance change which takes 
place in the wires of the strain gage 
is directly proportional to the change 
in length of the wire and inversely 
proportional to the change in diameter 
squared. 

Another type of variable-resistance 
strain-gage has a movable section 
that is tied to the slider of a poten- 
tiometer through a multiplying sys- 
tem. 

The variable-inductance strain-gage 
changes either the position of the core 
or the magnetic path of an inductor. 
In the first type, the position of the 
core in the coil is controlled by the 
mechanical part of the transduce: 
In the second type, the movement of 
the mechanical part of the transducer 
changes the width of an air gap in 
the magnetic circuit of the core. 

The differential-transformer strain- 
gage changes the output voltage from 
a secondary winding when the me- 
chanical part of the transducer moves 
the core of the transformer (in re- 
sponse to stress), changing the coup- 
ling between transformer primary 
and secondary windings. 

The variable-capacitance strvain- 
gage changes either the effective area 
or the spacing of the plates of a ca- 
pacitor; the transducer usually moves 
one plate in relation to the other when 
stress is applied. 

A voltage-generating strain gage 
can be used to measure the stress 
forces on a rotating shaft. Two small 
a-c. generators are located at differ- 
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ent positions along the shaft, and 
the phase difference of their output 
voltages is a measure of the distortion 
and, therefore, the stress forces on 
the shaft. 

If it is desired to obtain a voltage 
whose frequency depends on mechan- 
ical motion, the “Vibrotron” (Fig. 2) 
can be used. This transducer uses a 
wire, vibrating at its resonant fre- 
quency in a magnetic field, to control 
the frequency of an electronic oscil- 
lator. Some of the energy of the os- 
cillator is used to keep the wire vi- 
brating; the remainder actuates the 
recording device. When the tension 
on the wire is changed because of 
mechanical motion of the transducer, 
its resonant frequency changes, and 
the output frequency of the oscillator 
is changed. 

ForRCE PICKUPS 

Force-sensing pickups can be used 
for measurement of either’ in-line, 
bending, or torsional forces. Units 
which sense in-line forces are called 
load cells, dynamometers, or force 
rings, depending on the manufacturer. 
Force bars are used to measure bend- 
ing forces. 

The transducer of the load cell pro- 
duced by the Baldwin-Lima-Hamilton 
Corp. (Fig. 3) consists of a rectangu- 
lar metal column to which variable- 
resistance strain-gages are bonded. 
The force to be measured is applied 
directly in-line with this column. Out- 
of-line forces have no effect on the 
output. The transducer is mounted in 
a hermetically-sealed steel case which 
protects the transducer from mois- 
ture, dirt, and handling damage. 

The dynamometer manufactured by 
the Statham Laboratories uses un- 
bonded variable-resistance_ strain- 
gages to detect the deflection of a stiff 
bellows-type diaphragm under load. 
The rim of the diaphragm is attached 
to the frame of the transducer shown 


pickup. 


in Fig. 1. The center of the diaphragm 
is tied through the linkage pin to the 
armature (F), which is free to move 
within the transducer frame. The re- 
sistance wires of the strain gages are 
strung between insulators on the 
frame and the armature. 

Wiancko Engineering Co. makes the 
force ring shown in Fig. 4 for load 
measurement. This variable-reactance 
strain gage is oriented at an angle to 
the line of force applied. When the 
ring is deformed under load, the air 
gap of the magnetic path of one of 
the cores is increased, the other de- 
creased, changing the reactance of 
the coils in opposite directions. 

Torsional or shaft forces are mea- 
sured by torquemeters. The trans- 
ducer of the Baldwin torquemeter 
(Fig. 5) is a cylindrical shaft to 
which variable-resistance strain-gages 
are bonded. The gages are mounted 
in the direction of the strain set up 
by torsional stress. The electrical cir- 
cuit of the strain-gage and recorder 
combination is completed through the 
slip rings. 

The Waugh torquemeter uses a 
phase-shift transducer-type pickup. In 
this unit the rotors of two multipolar 
a-c. generators are mounted on a 
common shaft. The field and arma- 
ture windings of the generators are 
mounted in the stators so that no ro- 
tating contacts are needed. When the 
shaft is deformed under load, the poles 
of one rotor run ahead of the poles 
of the other and the phase difference 
of the output voltages is changed. 
This phase difference is measured by 
the recorder. 

PRESSURE PICKUPS 

Pressure pickups which are com- 
mercially available use many types of 
strain-gage transducers. In the Bald- 
win unit, variable-resistance strain- 
gages are bonded to the outside of a 
hollow tube which has one end closed 
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Fig. 5. Baldwin 
torque pickup using 
variable-resistance 
strain-gages bonded to 

cylindrical shaft. 
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Fig. 6. Schaevitz pressure pickup, using 
Bourdon tube and linear differential trans- 
former. 


and the other end open to the pres 
surized fluid. Pressure causes the tube 
to expand circumferentially; this 
strain is measured by the gages. 

An even simpler transducer has 
the resistance strain gages bonded to 
the back of a stiff diaphragm. The rim 
of the diaphragm is fixed to the case 
of the pickup; the center flexes under 
pressure, setting up the strain which 
is sensed by the gages. Units of this 
type are manufactured by Sierra Elec- 
tronics Corp. 

Statham Laboratories’ 
pickups incorporate essentially the 
same unbonded strain-gage transduc- 
er that is used in their force-measur- 
ing dynamometer (Fig. 1). In the 
pressure pickup, however, pressure 
rather than force is applied to a dia- 
phragm. The armature of the trans- 
ducer is a cylinder which moves long- 
itudinally within a fixed outer cylin- 
der. The strain-gage wires are strung 
between insulators mounted on the 
two cylinders. The strain-gage action 
is the same as in Fig. 1. 

Other types of unbonded variable- 
resistance strain-gage transducers are 
used in pressure pickups, but they 
differ only in the mechanical trans- 
mittal of the force action to the strain- 
gage wires. 

The Wiancko pressure pickup uses 
the same variable-inductive-reactance 
strain-gage element that is used in the 
force ring (Fig. 4). The air gaps are 
varied by a twisted Bourdon tube 
which has an armature attached to 
its closed end. When the Bourdon tube 
straightens out under pressure, the 
air gap of one coil is increased and 


pressure 


Protective Cover 


the other decreased. This changes the 
reluctance of the magnetic path and 
the reactance of the inductor. 

Both Bourns and Giannini make 
pressure pickups which use potenti- 
ometers to supply variable resistance 
in response to pressure changes. In 
these units a potentiometer is attached 
to a curved Bourdon tube in such a 
way that the wiper moves across the 
resistance element when the Bourdon 
tube is deformed under pressure. 

The transducer of the Schaevitz 
pressure pickup uses a Bourdon tube 
and a linear differential transformer 
(Fig. 6). The core of the transformer 
it attached to the free end of the Bour 
don tube. The deformation of the 
Bourdon tube under pressure moves 
the core in the transformer coils, 
changing the primary-to-secondary 
coupling in proportion to the applied 
pressure, 

A variable-capacitance transducer 
is used in the pressure pickup manu 
factured by Photocon Research Corp. 
This pickup (Fig. 7) uses a stiff dia- 
phragm (against which pressure is 
applied) as one plate of the variable 
capacitor. The rim of this diaphragm 
is fixed to the body of the pickup. 
The other plate of the capacitor is 
mounted on an insulated electrode in 
the case of the pickup, near the dia 
phragm. Under pressure, the middle 
of the diaphragm flexes and moves 
closer to the inner plate, decreasing 
the capacitive reactance of the capac- 
itor. 

Byron Jackson manufactures the 
“Vibrotron” pressure pickup (Fig. 2) 
for Wright Engineering. The vibrat 
ing wire of the transducer runs from 
the support near the upper end of the 


transducer, through the magnetic 


Fig. 8. Potter elec- 
tronic flow-sensing 
element, using perma- 
nent magnets in rotor 
to induce pulses in 
pickoff coil. 


CTROOF THO 
Lede rTwore AS 
WATER CONNEC TOR 
o RING 
PROFECTIVE SHELL 
PIC KAP Boor 


TENSION SLEEVE 


Fie. 7. Photocon Research Products pressure 
pickup, using variable-capacitance principle. 


field, to the center of a stiff dia 
phragm. Pressure against the dia 
phragm decreases the tension on the 
wire so that it resonates at a lower 
frequency, causing the output of the 
associated electronic oscillator to have 
a lower frequency also, 
OTHER PICKUPS 

A pickup whose output is derived 
from electromagnetic generators is 
the flowmeter shown in Fig. 8&, 
which is manufactured by the Potter 
Aeronautical Co. Fluid flow through 
the pickup causes rotation of the tun 
bine. The permanent magnets mounted 
in the rotor induce pulses of the cur 
rent in the pickoff coil mounted on the 
case of the flowmeter. The rate of 
fluid flow is determined by the rate at 
which the current pulses are induced, 

The pickoff coil of this flowmete: 
can be used also in a tachometer, For 
this use a gear made of magnetic ma 
terial is mounted on the shaft under 
observation. Each tooth induces a cur 
rent pulse in the pickoff coil as it 
rotates past the coil. The pulse rate 
is a measure of the speed of rotation 
of the shaft. 

The pickups described above are not 
the only ones commercially available, 
but they demonstrate most of the prin 
ciples used. Other pickups for meas 
urement of vibration, 
shock, velocity, displacement, differen 
tial pressure, absolute pressure, hu 
midity, thickness, or viscosity usually 
involve adaptations of the principle 


acceleration, 


discussed. 
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COUNTING 


PLUS CONTROL 


AT RATES TO 





40,000 CPS 





DESCRIPTION—The Berkeley Preset Counter is an electronic decade with 
provisions for producing an output signal or pulse at any desired preset count 
within the unit’s capacity. Any physical, electrical, mechanical or optical 
events that can be converted into changing voltages can be counted, at rates 
from 1 to 40,000 counts per second. Total count is displayed in direct-reading 
digital form. Presetting is accomplished by depressing pushbuttons corres- 
ponding to the desired digit in each column. Model 730 Preset Decimal 
Counting Units are used. These are completely interchangeable plug-in units 
designed for simplicity of maintenance and replacement. 


APPLICATIONS — Flexibility and simplicity of operation make the Berkeley 
Preset Counter suitable for both production line and laboratory use. It has 
practical applications wherever signalling or control, based on occurrence of 
a predetermined number of events or increments of time is desired. Output 
signals from the unit can be used to actuate virtually any type of process con- 
trol device, or to provide aural or visual signals. 


SPECIFICATIONS 





422 423 424 425 426 





MAX. COUNT CAPACITY 100 1000 10,000 100,000 | 1,000,000 
INPUT SENSITIVITY (MIN.) * 1 v. to ground, peak; at least 2 4 sec. wide 























OUTPUT Choice of pos. pulse and relay closure, or pos. pulse. SPST 
relay closure approx. 1/30 sec; pulse output is + 125 v. 
with 3 / sec. rise time and 15 / sec. duration. 





PANEL DIMENSIONS 1530” x 834” 19” x 834” 
OVERALL DIMENSIONS 1658” x 10%” x 13” 2034" x 102” x 15” 
POWER REQUIREMENTS 117 v. = 10% @ 90w. 117 v. = 10% @ 180 w. 


PRICE (F.0.8. FACTORY) $375 | $450 $595 | $695 | $795 














For complete information, please request Bulletin 603 


division of BECKMAN INSTRUMENTS INC. 
2200 WRIGHT AVENUE e RICHMOND, CALIFORNIA 
*“*‘DIRECT READING DIGITAL PRESENTATION OF INFORMATION’ 
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COLOR CONTROL 


from page 401 


useful abridged spectrophotometers 
available in the field. 

The mechanics of measuring a sample 
on the “Color Eye” are relatively 
simple. For an injection-molded styrene 
chip, most translucent and all opaque 
colors are run as reflectance measure- 
ments. A standard backing, either 
black or white, is specified for each 
color. With the excellent thickness 
control possible in injection moldings, 
no difficulty is encountered in making 
reliable transmittance measurements of 
transparent colors and_ translucent 
colors with high transmittance. In the 
measurement of calendered vinyl film, 
however, it is necessary to modify the 
method of presenting the sample to the 
instrument. This material has the prop- 
erty common to many oriented or woven 
materials of exhibiting differences in 
directional reflectance. To eliminate 
the reflectance variations, a sample 
spinner (Fig. 3) has been devised which 
rotates the sample continuously during 
measurement. Speed of rotation is not 
critical so long as it is not a multiple 
of 60. Speeds from 200 to 10,000 rpm. 
have been used satisfactorily. Addition- 
ally, because of gauge variations in 
finished vinyl films, it is most conven- 
ient to make all measurements as re- 
flectance readings. Hence the proced- 
ure for presentation of the film sample 
is (1) make a pad of the sample of 
sufficient thickness to provide substan- 
tially complete opacity, (2) punch a 
disk of the sample pad for insertion 
in the spinner, and (3) set the spinner 
in position at the reflectance port of 
the “Color Eye,” Positioning of the 
sample is critical and a_ constant 
sample-to-sphere distance must be 
maintained. 

Regardless of the type of sampie 
being measured or the instrument do- 
ing the measuring, the sensitivity. of 
the instrument and the precision of the 
results depend largely on the nature of 
the sample surface. Scratches, finger 
prints, and other blemishes detract from 
the precision of the measurement. 

With the sample in position and a 
calibrated white “Vitrolite” reflectance 
standard in place, the X, Y, and Z 
tristimulus values can be read (Fig. 
1). This is accomplished by turning the 
tristimulus filter dial to place the de- 
sired filter in the optical path and then 
manipulating a micrometric slit (by 
means of a vernier “Duo-dial”’) until 
a galvanometer balance is reached. A 
reading is taken from the “Duo-dial” 
at the balance point reached with each 
primary. If possible, complete readings 
should be obtained for three separate 
specimens of each sample; the result- 
ing average is then used for further 
calculations. 

Unfortunately, neither the “Color 
Kye” nor any other tristimulus-type 
photometer now available obtains ac- 
curate readings directly in C.I.E. 











EPLAB 





Thermopiles 


For many years the thermopile has 
been the accepted instrument for meas- 
uring Radiant Heat from Radiant Heaters 
at the American Gas Association Testing 
Laboratory in Cleveland, Ohio. Since 
1930, when Vandaveer first described his 
work in this field,* an Eppley thermopile 
has been used for this purpose in hun- 
dreds of tests and the results have been 
consistent and accurate to within 1 per 
cent. 

This is but one of many applications in 
the field of radiant energy measurements 
for which Eppley Thermopiles are ideally 
suited. They may be obtained with win- 


*Vandaveer, Industrial & Engineering Chemistry, Vol. 22, page 596, June 1930. 
BULLETIN No. 3 ON REQUEST—Address: 2 Sheffield Ave., Newport, R. 


THE EPPLEY LABORATORY, INC. 


SCIENTIFIC 
RHODE 


NEWPORT, 


dows of different materials, and various 
types of black are available for receiver 
coatings. 


All Eppley Thermopiles are supplied 
with a certificate of calibration, this 
calibration being made against a Stand- 
ard Lamp from the National Bureau of 
Standards. 


If you have a problem involving the 
measurement of radiant energy we invite 
you to write us, describing your problem 
in as much detail as possible. We will 
be glad to make recommendations and 
there will be no obligation. 


INSTRUMENTS 
ISLAND, U. S. A. 





values. There 
reasons 


tristimulus are several 
well-recognized for the in- 
herent differences between photomete1 
and C.I.E. numbers. First, it has not 
been possible yet to manufacture glass 
filters to reproduce C.I.E. tristimulus 
functions. Secondly, the filter used to 
simulate Illuminant C does not make 
an exact conversion. Finally, the re 
sponse of photomultiplier tubes varies 
somewhat with each instrument. Hence 
it is necessary to convert the “Color 
Eye” readings to C.I.E. tristimulus 
values by use of the linear correction 
formulas furnished with each instru- 
ment. Even with such correction, how- 
ever, accuracy is limited. However, for 
purposes of color-difference measure- 
ments, small inaccuracies may be toler- 
ated so long as precision of measure- 
ments is maintained. 

Conversions from Eye” to 
C.I.E. tristimulus values can be set up 
in graphs or tables from which the 
operator can pick the correct values 
directly. Tables reduce the necessary 
multiplication to simple addition, with 
no loss of precision. 

Having the C.I.E. tristimulus X, Y, Z 
values, it is then necessary to make 
one additional mathematical compu- 
tation—the calculations of chroma- 
ticity coordinates—to arrive at the 
numbers to be used in plotting. All the 
required calculations can be made fair- 
ly rapidly with the aid of a common 
automatic calculator. The division re- 
quired to obtain chromaticity coordi- 


“Color 








TEST CHAMBERS 


HIGH & LOW 
TEMPERATURES 
CONTROLLED 
HUMIDITY 
@ + 200°F. to —150°F, 

@ 20% to 95% R.H. 
e 1 cu. ft. to 75 cu. ft. 
cabinets 


Walk-in Rooms 
Temperature Baths 


Electronic or pneumatic 
recording or indicating 
control systems 


CUSTOM CHAMBERS 
built to specifications. 


52 Washington Avenue 
Carlstadt, New Jersey 
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HERMETIC SEALED Type RKH Plugs and 
KH Receptacles mate with their corre- 
sponding Cannon RK and K standard 
fittings. The basic construction of fused 
vitreous insulation around the contacts 
is same as GS type. Shell materials and 
finish are likewise similar. Various 
types of flange or hex-bulkhead styles 
may be made to order. 

Refer to KH-1 Section in K Bulletin. 


SUB-MINIATURE receptacles of the new 
Cannon “U” Series are used on minia- 
ture switches, relays, transformers, 
amplifiers, and other sealed compo- 
nents, requiring a true hermetic seal or 
a connector of sub-miniature size with 
performance superiority. 

“U” plugs have a steel shell and 
“SILCAN®*” insulator, cable relief and 
moisture resistant sleeve. 

Bayonet-type locking means pre- 
vents vibration failure. Rated 1700v. 
d.c.; Sa. Available in 3, 6, and 12 con- 
tact arrangements with one plug style 
and two receptacles. 

*Cannon Electric's special silicone resilient 
material 


Refer to U-2 Bulletin 


for hermetic sealed 
applications 


GS Types mate with standard 
AN(MIL) types. These highly suc- 
cessful hermetically sealed plugs 
(GS06) and receptacles (GS02) pio- 
neered this field and are top quality 
fittings. Fused vitreous insulation pro- 
vides a true hermetic seal for relays, 
position indicators, etc. Shells are steel, 
finished in cadmium plate and bleached 
Iridite; coupling nut on plug is natural 
finish Dural. Eyelet or solder pot ter- 
minals. 

Built to resist thermal shock, 
—300°F. to +600°F., surpassing MIL 
Spec. GSO2 Types will withstand oper- 
ation temperatures 400°F. to 600°F., 
and pressures as high as 200 to 900 
psi; specials to 7500 psi. GS Types 
approximate AN voltage and current 
ratings. Wide range of AN layouts 
available. 

See GS-3 section in AN-8 Bulletin 
for details. 

COMING: TYPE “DH” HERMETIC SEALED 


CONNECTORS SIMILAR TO PRESENT 
DA-15P 


CANNON ELECTRIC 


Since 1915 


Factories in Los Angeles, Toronto, New Haven, Benton Harbor. Repre- 
sentatives in principal cities. Address inquiries to Cannon Electric Co., 


Dept. © 
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| 


nates also can be performed readily 
on a large (20-inch) slide rule. With 
tables and slide rule, or with slide rule 
alone, the time required for the entire 
operation—from measurement of the 
sample through plotting—is about 2.5 
minutes for a styrene chip. Where it is 
necessary to cut and mount the sample 
in a spinner, an additional 30 to 45 sec- 
onds is required. 

To reduce this time cycle to a mini- 
mum, and to eliminate possibilities for 
mathematical errors in the conversion 
computations, Instrument Development 
Laboratories has developed a_ simple 
electrical converter, shown at the right 
in Fig. 1. The operator merely 
the “Color Eye” tristimulus X, Y, and 
Z on three potentiometers; then, by 
manipulating two other potentiometers 
to achieve galvanometer balances, he 
reads directly the C.I.E. chromaticity 
coordinates. The converter is rapid, 
precise, and easy to operate. With its 
use, the entire measuring-converting- 
plotting cycle is reduced to less than 
one minute per sample. Naturally, if 
the X, Y, Z values change little or 
nothing from one sample to another, 
there is no need to carry out the entire 
plotting procedure. The data should be 
recorded, however, so that a complete 
record will be available for reference. 


sets 


Chromaticity coordinates are com- 
puted to only three decimal places. It 
was thought, at first, that this limita- 
tion provided insufficient precision. 
However, experience indicates that 
this degree of precision is adequate. 

Additional computations can be made, 
if desired, to arrive at a single-number 
measure of color differences in terms 
of MacAdam dimensions. It is important 
to note that the relatively simple sys- 
tem of plotting avoids this complication. 
It is recognized that for certain pur- 
poses single-number  color-difference 
specifications are useful. This work cor- 
roberates that reported by Davidson! 
indicating the soundness of using Mac- 
Adam data for this purpose. Addition- 
ally, mathematical computations using 
MacAdam numbers are considerably 
simplified over those necessary with 
other color-difference formulae. 
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DIAL 


fo YOUR product 


) 


_ 
WHICH : _——, 


THE BIG ONE ) | | ge 


This Pilot Light Assembly ‘\ 

was first made to accommodate 

the S-1] lamp and was intended or 
for use in the cabs of great 


diesel locomotives. \ 
The miniaturization program on 

defense products required the 
development of this sub-miniature 

light. It is used on communication \ 


actuar silt 


(ot #8-1930-62) 


equipment and aircraft. Midget flanged 
base bulbs to fit are rated 1.3, 6, 
12, and 28 volts. 


Dialco HAS THE COMPLETE 
LINE of INDICATOR 
and PANEL LIGHTS 


Zmplee to suit your own special conditions 
and requirements will be sent promptly 
er and without cost. Just outline your 


needs Let our engineering department 
assist in selecting the right lamp 
and the best pilot light for YOU 


Write for the Dialco 
HANDBOOK of PILOT LIGHTS 


Foremost Manufacturer of Pilot Lights 


DIALIGHT CORPORATION 


60 STEWART AVENUE, BROOKLYN 37, N. Y. HYACINTH 7-7600 


& 
against 

a 
moisture, 
dirt and 


Make sure that your air-operated instru- 
ments get the best in filtration equipment. 
Use MICRO-KLEAN, the modern micronic 
filter, to keep moisture, dirt and oil from 
harming your instruments and affecting 
their accuracy. MICRO-KLEAN’s double- 
capacity cartridge gives twice the effective 
cartridge life—and of course that cuts re- 
placement costs in half. 

You have a big investment in your in- 
struments—be certain that your invest- 
ment is protected. Let Cuno’s filtration 
engineers help you get the most cut of 
your instruments in terms of accuracy and 
long life. Write for free copy of our MICRO- 
KLEAN Air Line Filter Bulletin. Cuno En- 
gineering Corporation, Dept.387 M South 
Vine Street, Meriden, Connecticut. 
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P\Gh ce) VNalem) tehssengie), me 
OR 
CONTROL 
for your | 
heating 


process 


... WITH 
ALNOR PYROTAC 


Here's a simple, low-cost way to obtain AUTOMATIC PROTECTION 
against damage due to excessive temperatures safeguard your 
investment in heating equipment and materials in process. This pre- 
cision-built instrument constantly indicates temperature of the heated 
equipment end sounds an alarm and/or shuts down the heated circuit 
ot a safe, pre-set temperature. It may also be used as a CONTROLLER 
on @ process requiring shutdown upon reaching a final process tem- 
perature—such as ceramic kilns, molds, etc. Automatic thermocouple 
break protection assures safety if coup'e or extension wires should 
breok. 


Ask your Alnor representative for details on this sturdy, precise 
instrument. You'll find the price of less than a hundred dollars unusual 
for an instrument of this type. Write for bulletin that contains comp'ete 
description and wiring diagrams of actual applications. Illinois Testing 
Laboratories, Inc., Room 518, 420 N. LaSalle Street, Chicago 10, Ill. 








No. 77 illustrated Single seated float valve for dead end service. 
Internal pilot control. 250 Ibs. max. inlet pressure. Does the job of 


more complicated control valves at a much lower cost wherever 





tight closing float valves are required for make-up water control. | 


>o 


Sizes 2 8”. Other types. Get BULLETIN 349. 


Call Your Supply House or See Classified Phone 
Directories for Nearest Klipfel Distributor. 
New York 
Buffalo 

New York 
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Greensboro 
Ohio 
Cincinnati 
Cleveland 
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FURNACES 


continued from pag 405 


less cobbles in general and complete 


uniform gauge, (8) 
bottoms, (9) 


elimination of cobbles caused by cold tops o1 
less mill breakdowns, (10) less slagging of the hearth, (11) 
less footwork by operators, (12) heater attention to 
furnaces and the steel, (13) an ease of temperature control 
undreamed of in the days of manual operation, (14) more 
willingness on the part of the heater to cut back during 
delays and to carry a higher furnace temperature during 
operation because they now know exactly where the fur- 
nace stands—they have the “know how”, (15) elimination 
of over and under heating of slabs, (16) an increase in 
furnace life, and (17) ease of adaptability for any change 
in conditions—for example, the use of insulated skid pipe 
covering required a lower furnace temperature to prevent 
overheating; a satisfactory setting was found in minutes. 

The setting of the temperature controller in the three 
zones of each furnace is all that is required to change from 
maximum to minimum firing or vice versa, the fuel and 
air valves and the damper respond automatically. 

The fuel-air ratio control, together with the BTU pump, 
has been extremely beneficial in the heating of the furnaces. 
This has been especially noticeable when firing with a mixed 
fuel of variable BTU, or when short sporadic swings of 
straight natural or refinery gas occurred; it had been im- 
possible to follow these changes manually. 

To the fuel-air ratio control we credit the following re- 
sults: (1) a uniform scale on all slabs, (2) ability to main- 
tain any atmosphere desired for any particular steel, (3) 
a reduction of rolled-in scale in the finished product, (4) a 
20 percent or more reduction of scale loss, (5) a saving in 
fuel due to proper combustion, (6) a more uniform length 
and type of flame, (7) less slagging, (8) less footwork by 
the heaters, (9) elimination of guess work on the part of 
the heater, and (10) a saving of brick, particularly in the 
down takes and flues which generally are overheated in 
manually operated furnaces due to carrying a long, rich 
flame that causes combustion to be completed in the flues. 


more 


The control of fuel generally consists in regulating the 
pressure of gaseous fuel or the pressure and temperature 
of liquid fuel. This contro! provides the basis for sizing 
lines and orifices and the starting point for the installation 
of fuel-air ratio control. To operate without fuel control is 
disastrous on manual control and impossible on automatic 
control. 

Furnace pressure has a decided effect upon furnace per- 
formance, especially in continuous reheating furnaces, Ex- 
tremely high furnace pressure causes the flames to back 
out of all the doors of the furnace and burns the refractory, 
the door-frame castings, and adjacent steel shell. It also 
produces a small, intensely hot working area and wasted 
fuel. Too low a furnace pressure air infiltration, 
wasted fuel, and loss of the benefits which can be derived 
from preheated air. It can also result in damage to the sur- 
face of the steel and a poor furnace atmosphere. 

Proper setting of the furnace pressure 
of utmost importance because, other things being equal, 
it influences (1) the practical effective length of the fur- 
nace, which in turn limits production, (2) the fuel rate by 
as much as 200,000 BTU per ton, (3) the uniformity of 
heat throughout the slab and its subsequent plasticity in 
rolling, rash external heating with cold centers will result 
from too little furnace pressure, (4) the height of the flame 
above the steel in the soaking zone, (5) the furnace atmos- 
phere and flame characteristics, (6) the maximum recovery 
of preheated air, and (7) the infiltration of cold air into the 


causes 


controller is 


furnace or flues. 

These have been our results. For best results it is neces- 
sary to control the fuel, combustion air, temperature, and 
furnace pressure because all are interdependent. 

DISCUSSION BY FRED S. BLOOM 

Mr. Yaeger says that the selection of the proper furnace 
pressure can reduce the fuel rate as much as 200,000 BTU 
per ton. We have seen fuel rate reduced as much as 25 per- 





cent by furnace pressure alone. We often have had to de- 
crease the fuel input by nothing more than selecting the 
proper furnace pressure. This means that the proper fur- 
nace pressure setting—if your furnace is equipped with 
automatic furnace-pressure control—is of extreme impor- 
tance. A redesign of a furnace may be necessary to prevent 
gases blowing out of the charging door of a furnace in order 
to maintain the proper furnace pressure on the hearth. 
We certainly need temperature measurement within the 
furnace because even with long experience in the operation 
of steel-mill heating furnaces I cannot justify the marked 
effect that furnace pressure has upon fuel input. 

I do not agree that the measurement of furnace temper- 
ature with a closed-end sighting tube or thermocouple is 
proper for controlling the rate of heating of a continuous 
slab- or billet-heating furnace. This method may be the 
easiest to keep in operation, but it gives less information. 
The location of the furnace temperature measuring units 
in the side wall of a slab-heating furnace is likewise not to 
my liking. Again, it is the easy way. We all agree that 
furnace temperature is some indication of steel temperature, 
but it is only when we get to the final heating zone that 
steel temperature approaches furnace temperature. I have 
advocated measurement of steel] temperature for ten years; 
I have seen steel] temperature measurement work con 
tinuously without difficulty; I would like te see some of you 
try the method. Steel temperature measurement even with 
effective scale and high heating rates is not 100 percent 
accurate, but it is 300 percent closer than furnace tempera- 
ture measurement. On the other side of the picture, for five 
years we have asked the instrument companies to give us a 
temperature controller that doesn’t hunt all over the map 
and that will not change fuel input for every 20 degree 
change in temperature. It is a cardinal principle in the 
operation of a continuous billet-heating furnace that we 
cannot vary fuel input continuously and still do a good job 
of heating; our furnace pressure controller and ratio con- 
troller are too badly upset by continuous fluctuation of fuel 
input. It is gratifying to know that some of the companies 
manufacturing temperature controllers are trying to build 
us equipment which will improve our temperature control 
process. 

The third item I would like to discuss is the edge heating 
that always occurs on slabs and billets in the continuous 
pusher furnaces. The over-heating of the edges of slabs as 
they are progressively pushed through the furnace is logical. 
The correction of this condition is not a problem of instru- 
mentation so much as it is a problem of furnace design and 
burner location. We have completed work on some furnaces 
which indicates that increased heating of slabs and billets 
can be done without over heating and washing of ends of 
the billets. Today we have a problem of not only keeping 
the furnace hot but also of obtaining uniform heating rates 
across a piece of material which naturally heats at unequal 


rates. 
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PROCESS INSTRUMENTATION 


ontinued from j,age 410 


mand, changes in supply, and changes in control point. 
Different reactions are encountered with each of these 
changes. In some circumstances it appears that the semi- 
log valve can be used most advantageously, while in others 
this valve seems detrimental to control quality. 

The three criteria for stability of control are also worthy 
of consideration. These are minimum area, minimum de- 
viation, and minimum cycling. Depending on the process, 
it is advantageous to use one of the three as a yardstick to 
judge control effectiveness and quality. 

The method of Ziegler® for setting the various response 
values for controllers may be considered. Other methods are 
available also; in the last analysis, however, there is no 
substitute for experience when involved in this activity. 

Metered or cascade control systems, ratio controllers, 
time-variable control, limit control, dual control agents, tele- 
metering, and transmission are other subjects which are 
valuable to the student and which should be included if 
possible. 


LABORATORY OPERATION 


Instruments and equipment for the process control lab- 
oratory should be selected solely for instrumentation in- 
struction, and not for use in other laboratories or for other 
purposes. The laboratory should be designed and laid out 
carefully. A few new instruments and controllers are to be 
preferred to a larger number of out-of-date and out-of- 
order devices. Manufacturers of instrumentation equipment 
contribute with educational discounts and special alterations, 
and are pleased to supply consultation. Every effort should 
be made to provide new equipment for the laboratory and, 
by a replacement program, to keep it up to date. 

The laboratory arrangement should provide for utmost 
flexibility, and for maximum utilization of the minimum 
amount of equipment. The arrangement to be described in- 
cludes the most important requisites according to many 
who have considered this problem. 7, 8 

Description of equipment. The process control system is 
built around a vertical tank, about 2 ft. in diameter and 
5 ft. high, and tested for 200-psi. pressure. This size is ade- 
quate to demonstrate the effects of capacity, lag, etc., but 
small enough to allow several changes over a 3-hour period. 

The tank is operated as a two-phase system under pres- 
sure. It is filled about halfway with water; air under pres- 
sure is maintained in the upper portion of the vessel. A 


100 PSI. 
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Fig. 12. Experimental setup for analysis of pressure-control problems. 
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Fig. 13. Experimental setup for analysis of problems in flow and 


liquid level. 


steam coil is submerged in the water to provide heat for 
temperature-control operations. 

Provision is made to control four variables—flow, liquid 
level, pressure, and temperature. All instruments and valves 
are pneumatically operated. 

A total of six instruments and six valves are incorporated 
into the system—-five recording controllers and an indicating 
controller. One instrument is used to control liquid level, 
one is used to control pressure, and two are utilized to con- 
trol temperature and flow. A valve positioner is installed 
on one valve. 


The five recording instruments incorporate the four major | 


control responses—on-off, proportional with variable throt- 
tling range, proportional plus automatic reset response. and 
proportional plus reset response plus rate action. The in- 
dicating controller has proportional response with narrow 
throttling band. 

The instruments are mounted on a central panel to per- 
mit closer observation of interrelated effects. Chart rotation 
speeds of 4 hours are used to give clear recording of cy- 
cling operations within one laboratory period. Provisions 
are made for variations in time and capacity lags. The 
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equipment can be operated to simulate batch, continuous, 
and recycle operations. 

Control of pressure. Pressure in the tank is adjusted as 
shown in Fig. 12. The pressure controller (RPC-1) regu- 
lates pressure by simultaneously admitting and discharg- 
ing air through the air-to-open valve (ATO-1) and the air- 
to-close valve (ATC-2). 

Pressure control can be effected in two ways. In the first, 
valve ATO-1 opens throughout the instrument-output pres- 
sure range of 2 to 14 psi., while valve ATC-2 closes ove1 
the range of 2 to 7 psi. Measurement of pressure in the 
tank can be made at one of two places, either at the top 
of the tank in the vapor space, or at the bottom of the tank 
in the liquid. With this type of control, the instrument re- 
sponse is rapid, and the control is sensitive to throttling- 
range, reset, and rate-response adjustments. 

The second method for controlling pressure involves the 
maintenance of constant discharge pres ure from the cen- 
trifugal pump used for recirculation. Pressure is measured 
at a tap downstream from the pump. Valve ATO-3 is op- 
erated by the pressure controller and throttles the dis- 
charge to the desired pressure. Valves ATO-1 and ATC-2 
are not in operation, and tank pressure must be hand-con 
trolled. Flow controller RFC-2 is used for recording flow 
variations during operations. 

Control of liquid level. Control of liquid level in the tank 
is done by use of a recording liquid-level controller. This 
instrument is of the mercury-differential type, with propor- 
tional, reset, and rate response adjustments. The level can 
be controlled by one of three methods (Fig. 13): 

(1) Upon a decrease in tank level, level controller RLC-3 
may provide increased air pressure to open valve ATO-4. 
Thus, water supply to the system is increased and wate 
level rises. 

(2) When water level in the tank drops, the controller 
may provide increased air pressure to close valve ATC-5. 
Thus, net flow of water from the system is decreased, and 
again water level rises. 

(3) If a faster response to simulated load disturbances 
is desired, a cascade system of control can be employed. 
Level controller RLC-3 is used as a master instrument which 
pneumatically controls the set point of flow controllen 
RFC-2. This latter instrument operates valve ATO-3 to 
obtain faster control response. System outflow is controlled 
by valve ATC-5, which is operated by flow controller RFC-4. 

The corrective action of the liquid-level controller is much 
slower than that of the pressure controller because of the 
capacity of the tank. However, the system is sensitive to 
response adjustments. The tank can be bypassed to pro- 
duce a system with a minimum of storage capacity. The 
liquid-level control characteristics of the system are, of 
course, drastically changed by this procedure. 
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Fig. 14. Experimental setup for analysis of temperature-control problems. 
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Control of flow. Flow of water into and out of the system 
is controlled by recording flow controllers. One of these con- 
trollers, RFC-2, is of the mercury-differential type, with 
proportional, automatic reset, and pneumatic control of 
the set point as previously described. 

The other flow controller, RFC-4, is of the bellows-differ 
ential type, with proportional, reset, and rate-response 
adjustments. 

The meter range on each of the controllers can be changed 
by changing orifices. Appropriate factors can be used with 
the various charts, depending on whether the centrifugal 
pump is used to circulate water through the tank to simulate 
a recycle operation. 

Several different control arrangements can be employed 
for fluid flow. An integrated operation of flow control is 
represented by instrument REFC-4 controlling the dis- 
charge of the tank by valve ATC-5; instrument RPC-1 con- 
trolling the tank pressure by valves ATO-1 and ATC-2; 
instrument RFC-2 controlling the recirculation to the tank 
by valve ATO-3; and instrument RLC-3 controlling the net 
inflow of water to the system by valve ATO-4. As previ- 
ously mentioned, master controller RLC-3 may also posi- 
tion the set point of flow controller RFC-2. 

Control of temperature. Two types of temperature con- 
trollers are used. One is a thermocouple-actuated recording 
type with proportional, reset, and rate-response adjust- 
ments. The other is an indicating controller, actuated by a 
mercury-filled bulb, with narrow proportional band adjust 
ments. 

The temperature of the water in the tank can be measured 
by one of three sensitive elements—a thermocouple in 
the tank, a thermocouple in the discharge line, and the 
mercury-filled bulb. When bypassing the tank, a steam- 
water mixing valve is used for direct heating, and a third 
thermocouple is placed downstream from the valve. As 
shown in Fig. 14, a three-point switch is used to connect 
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either of the three thermocouples to the recording temper- 
ature controller. The pressure bulb actuates the indicating 
temperature controller. 

The recording temperature controller (RTC-5) operates 
valve ATO-6, which controls the flow of steam to the sys- 
tem. Or the recording temperature controller can be re- 
moved from service and the indicating controller (ITC-6) 
substituted. This makes it possible for each instrument to 
control the temperature independently, with the recording 
instrument (RTC-5) recording for either controller. 

Variation in tank capacity to process demand can 
effected by maintaining the demand constant (constant 
flow) for several different liquid levels, or by maintaining 
a constant level in the tank (to give constant capacity) 
and varying the liquid flow. The effects of these variations 
in ratio of stored capacity to process demands then can be 
evaluated. 

The transportation lag (distance-velocity lag) can 
held to a minimum by using the thermocouple located in the 
tank. This lag can be increased to a maximum by switch- 
ing to the thermocouple located in the effluent line. A 
tem of zero heat capacity is represented by bypassing the 
tank and heating through the steam mixing valve. 

Throughout these operations, water is circulated through 
the tank by the pump to promote uniformity of tempera- 
ture in the tank. Capacity lags, load changes, and trans- 
portation lags can be considered separately and together, 
with increasing degrees of complexity. 


be 


be 


Sys- 


Integrated operation. Integrated operations involving all 
four variables and utilizing the instruments in various ways 
are carried out, after separate studies of each of the differ- 
ent variables have been completed. Changes in loads are 
made, and upsets are introduced in the system to observe 
the stabilization time required to regain equilibrium under 
the various conditions. 

Supplementary work. In processes, application of auto- 
matic control is a means to an end. The students should, 
therefore, have the opportunity to observe instrumentation 
applications in actual processing operations. Unit-opera- 
tions equipment usually provides one such source. Frac- 
tionators, heat exchangers, evaporators, fluid flow systems, 
etc., usually have one or more instruments to assure satis- 
factory operation. One or two well-planned inspection trips 
should be made to oil refineries or chemical plants. Among 
other things, time-variable systems and complicated cascade 
systems should be examined, if only superficially. Careful 
study of flow sheets should precede these plant visits. 

The Although the instructor 
should be familiar with the theoretical approach to instru- 
mentation problems, it is more important that he have prac- 
tical experience in instrumentation. Industrial instrumenta- 
tion is based more on experience and less on the analytical 
approach. He should, of course, be thoroughly trained in 
mathematics and the basic sciences. 


instrumentation teacher. 


Instrumentation schools offer much help in teacher train- 
ing. Most of the major instrument companies and some 
universities now offer training courses. 
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AIR GAGES 


continued from page 405 


There are occasions when a fairly rough surface must be 
measured by air. Such measurements can be taken with air 
if the master for setting the gage is made to approximately 
the same surface finish as the part to be measured. Where 
extremely soft material has to be measured, or where it is 
not desirable to make any physical contact with the work, 
special adaptations are available whereby the gage head 
makes no physical contact with the job. 

For some applications it is necessary to keep the gaged 
part covered with oil. With gages using fairly high jet 
pressures, accurate readings can be obtained; where the 
jet pressure is relatively low, accurate comparison measure- 
ments can be taken by oiling the master prior to setting 
the gage to zero. 

For measuring inside diameters below % inch, we are 
not able to recess the jets; hence it is necessary to watch 
out for wear on the air plug, particularly if the gage is 
used frequently. The inside diameter of .22-calibre rifle 
barrels has been measured successfully by air gages. On one 
application the problem had to do with the final finishing 
of custom-made rifle barrels for competitive target shooting. 

Some unusual measurements can be made by using air. 
Concentricity can be measured accurately. The concentricity 
of an outside diameter with respect to a smaller diameter 
is a simple illustration; the smaller diameter being set up 
on a V-block arrangement and the measurement taken by 
means of an air jet working against the large diameter. 

Special set ups have been made for measuring the con- 
centricity between two inside diameters; the plugs are de- 
signed with two diameters, one carrying the air jets and 
the other acting as a reference diameter to contact the 
smaller diameter on the work piece. 

Thickness also can be measured with air. One example is 
the use of air to measure the thickness of piston rings; a 
corresponding air measurement is used for the groove in 
the pistons for selective fitting. 

Squareness is measured also. Special arrangements have 
been worked out for measuring’ the squareness of the bottom 
of a hole with respect to the center line of the hole. 

Another common application is the measure of the 
straightness of holes. The plug establishes its location from 
two accurately ground diameters separated from each other 
by four or five inches, and the air jet is centered horizon- 
tally on the plug between the two ground diameters; when 
the piece is rotated, any bow in the piece is indicated. 

Widths can be measured also. For example, the width 
of slots that are difficult to reach with other types of equip- 
ment can be determined easily. Please keep in mind, how- 
ever, that all the measurements referred to are relatively 
close, and that the air gage is somewhat limited in range. 

Flatness can be determined with fairly simple fixtures, as 
can angular relationships. 

Much development work is being done; progress is being 
made in the measurement of very small diameter holes to 
close limits. Surface-finish measurements will be taken in 
the future with air; one surface measuring device is now 
on the market. Air measuring devices soon will give a direct 
reading in RMS, and over a broad range of surface finish. 
Progress will be made also in obtaining truly linear scale 
readings in progressively smaller size increments. With mil- 
itary and industrial requirements demanding closer toler- 
ances, the air gage has established its place in industrial 
measurement as one of the better instruments for close 
inspection. 


DIAL INDICATORS 

The dial indicator (Fig. 7) is a standard measuring 
equipment. It has some interesting design features. For 
example, the pointer represents years of research. Hun- 
dreds of designs have been investigated for this one small 
part in a small and inexpensive instrument. 

The dial indicator is a mechanical device for amplifying 
a movement picked up by its contact point and reflecting this 
movement in the turning of a pointer around a calibrated 
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The Cambridge Fabric Permeameter is an accurate, rugged and 
convenient instrument for production testing of the permeability 
of fabrics which are to be inflated with Hydrogen, Helium, Carbon 
Dioxide, etc. 


The rate of permeation through the fabric is quickly determined by 
equipment utilizing the thermal conductivity method and is indi 
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dial. It consists essentially of a contact point attached to a 
rack, a precision gearing system, a pointer, and a dial, all 
enclosed in a case. 

With the dial indicator as a basic tool, simple progressive 
multi-station gages can be made up which can be used to 
measure all the dimensions of a part at one set up, thus 
providing a continuous flow of production through the 
inspection department. The need for extremely close toler- 
ances in building the gage is eliminated because of the use 
of reference standards or masters, and yet functionally the 
gage is more precise than the equivalent fixed type of gages. 


Fig. 7. A dial indicator. 


One of the most important contributions of the dial indi- 
cator to industrial measurement is the elimination of the 
“feel” factor. It is difficult to get the same readings on a 
given part from several inspectors, each using the same 
pair of micrometers. The sense of touch is a relative thing; 
it can be improved only by experience and long training. 
As we frequently have to place important inspection respon- 
sibilities in the hands of relatively unskilled personnel, it is 
important to have instruments that minimize the human 
element. The trend toward statistical quality control also 
makes it necessary to know more about the size of a part 
than simply whether it is acceptable or not. 

The industry, in combination with the American Gage 
Design Committee, some years ago established certain stand- 
ard specifications which apply to all dial indicators and 
which are helpful to the user in that he has complete inter- 
changeability of these instruments. The principal design 
features which were standardized are the range of travel, 
the method of mounting, and the external size of the equip- 
ment, together with the so-called nine o’clock setting of the 
dial. 

The selection of the dial indicator for the application is 
an important consideration. Indicators can be obtained with 
calibrations as small as 0.00005 inch, and there seems to be 
a tendency to select an indicator that is closer than the job 
requires. The tendency toward the selection of a 0.0001-inch 
indicator, regardless of the actual requirements of the job, 
is to be avoided. As the calibrations become smaller, the 
range of the instrument decreases and, if the particular job 
does not require extremely close calibration, flexibility is 
lost. 

When using an indicator mounted on a rod, the rod 
should be sufficiently rugged to eliminate deflection. Always 
avoid mounting indicators on flimsy supports. Note that 
on practically all comparators the arm which supports the 
measuring device is generally a heavy casting; in the con- 
struction of special set-ups with dial indicators, the need 
of a good strong support cannot be overemphasized. 

In the use of dial indicators it frequently is necessary to 
utilize some method of transferring a movement such as a 
right-angle attachment, a hole attachment, etc. One of the 
principal problems in close measuring is the reduction of 
friction to a minimum and, where transfer mechanisms 
are used, it is desirable that they be as nearly frictionless 
as possible. When you have a set-up which uses a dial indi- 
cator in combination with some sort of transfer mechanism, 
a light tapping of a set-up frequently will cause the read- 
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You need a Kemp Dynamic Dryer. Then 
you can dry air, gases or liquids down to new low 
dew points for as little as 4 ¢ per mcf. Operation 
is guaranteed to meet your specifications. Get 
the complete story and details today by writing 
for Bulletin D-29: C. M. KEMP MFG. CO., 
405 E. Oliver Street, Baltimore 2, Maryland. 
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A highly accurate and specialized form of the Wheatstone 
bridge designed expressly for precise resistance ther- 
mometry with three- or four-lead thermometers and for 
the measurement of other similar resistors within its range. 
@ Wide range: 0 to 141.1110 ohms in increments of 0.0001 
ohm 

Unity ratio with provision for convenient checking and 
precise adjustment of ratio arms 


@ Built-in mercury commutator for lead resistance com- 
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Sub-panel switch construction 

Built-in plug and block assembly for conveniently check- 
ing ratio, bridge zero and thermometer resistance with 
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Macbeth pH Meter Electrodes 


PH Meter and Titration-pH Meter Electrodes 


Macbeth electrodes are designed and ruggedly con- 
structed of the finest materials to insure longer life 
Lucite plugs at the end of electrode leads reduce 
leakage and breakage 


Macbeth Flow Type. Electrode Unit 


Glass and calomel electrodes and Macbeth Automatic. 
Temperature-Resistor Unit mounted on head plate 
attached to flow vessel section of the unit. Corrosion- 
resistant. Gaskets prevent fluid leakage at moderate 
pressures 
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Macbeth Immersion Type Electrode Unit 


Glass and calomel electrodes and Macbeth Automatic 
Temperature-Resistor Unit moyited on head casting 
Electrodes profected at sides and base. Gaskets main- 
tain liquid tightness under moderate pressures 
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ing to change a little; this will indicate whether or not your 
transfer mechanism is developing friction. 

Mounting the indicators by the stem should be avoided. 
Various types of backs are provided and almost aiways a 
satisfactory mounting arrangement can be worked out by 
attaching the indicator to the job by fastening to its back. 
Where the indicator must be mounted from its stem it is 
good practice to use a hollow-head set screw with a small 
brass slug between the end of the set screw and the indi- 
cator stem and then to make sure that the operator on the 
job does not have access to any Allen wrenches; even better 
is the use of a split clamp. 

tapid gaging set-ups can be made quickly for checking 
several dimensions simultaneously with dial indicators. In 
these multiple-measuring arrangements it is important to 
lay out the equipment from the standpoint of the meas- 
urement to be taken. This may sound elementary, but there 
is a tendency toward confusing such things as concentricity 
and diameter, and attempts often are made to measure sev- 
eral diameters simultaneously without establishing inde- 
pendent reference points for each individual measurement. 

The dial indicator is a flexible and inexpensive tool; a 
tool which is accurate enough to measure most commercial 
parts, a tool which is adaptable to a variety of special 
gaging set-ups, and a tool which not only can speed up in- 
spection but also can provide necessary data for statistical 
quality control. However, unless the instrument is properly 
mounted and carefully set up on a particular job, with cor- 
rect reference to the measurement to be taken, it cannot 
perform to the limits of accuracy built into the indicator. 

Many standard types of indicator gages are available. 
Hole gages, or inside-diameter gages, can be obtained to 
measure inside diameters from 0.122 inch up to 60 or 70 
inches, and with indications in 0.0001 inch. Gages are avail- 
able with retracting contacts to measure the diameters of 
grooves on the inside of shafts. This type of hole gage can 
be obtained with generated threads for measuring the pitch 
diameter of tapped holes, and to give a direct indication 
of taper in tapped holes. 

Internal caliper gages also are available for measuring 
the holes on rough machined parts or castings. Where ex- 
tremely close tolerances prevail, standard gages are avail- 
able which have centralizing devices built into the gage 
head. Gages are available also for measuring diameters at 
a specified depth from the opening of the hole. Almost any 
type of internal measurement can be taken with a direct- 
reading indicator gage. 

On special jobs gages can be made up using a long bar in 
combination with the dial indicator, the assembly set to a 
master, and much closer reading can be obtained than is 
generally practical with conventional telescoping types of 
gages or inside micrometers. 

A number of thickness gages are available which com- 
bine the dial indicator with locating anvils for the rapid 
sorting of sheet stock. With the newer types of thickness 
gages the error due to “rocking” effect is eliminated, and 
sheets in practically all gages up to % inch in thickness can 
be sorted at high speed. 

Standard depth gages are available which also give a 
direct reading. Many of these gages have been designed 
specifically for the steel industry, such as the handy little 
gage for measurement of the depth of corrugations on steel 
reinforcing bars. Many gages have been developed for par- 
ticular applications, gages which save considerable time 
and facilitate inspection. 

A new development in the basic dial indicator design is 
the combination of a dial indicator with an electrical switch- 
ing arrangement. This assembly can be adapted to many 
plant inspection operations. Calibrations are as close as 
0.0001 inch, and the built-in switch can be used to sound an 
audible signal, flash a light, or indicate when a dimension is 
out of tolerance. With these electrical indicators several 
dimensions can be measured simultaneously without the 
need for the operator referring to any of the dials; he can 
observe a pilot light which flashes if any dimension is out 
of tolerance. 

Continuous measuring also can be set up successfully 
with this type of electrical indicator; for example, in meas- 





Your kind of... 


Solenoid Valves 


There JS something better in solenoid valves— 
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| uring glass tubing, drawn wire, plastic covering on wire, 
| ete., material is directed between two rollers, one of which 
is fixed and the other movable. The movable roller is con- 


—for 


“INSTRUMENT-QUALITY” 
AIR 


IN COMPRESSED AIR 
OPERATIONS... 


nected to an electrical dial indicator; when the job goes out 
of tolerance either a warning signal is given or the ma- 
chine operation is stopped by the switch in the indicator. 
With progressive increase in interest in statistical qual- 
| ity control, it is becoming more and more necessary to de- 
| termine dimensions accurately; the day of the “go” and 
| “no-go” fixed gage is fast disappearing. The dial indicator 
| is a basic instrument for use in statistical-quality-control 
| programs, and the correct use and application of dial indi- 
| cators to industrial measurement merits careful study by 
| everyone interested in keeping abreast of current measuring 
requirements. 


HANKISON a 
Condensifilter | 


Featuring the New-Economical 
DISPOSABLE FILTER CARTRIDGE 


PROCESS CONTROL 


continued from page 413 


Consider next the two tanks in Fig. 3-8 of capacity per 
unit length C, and C,, connected by a pipe which has a re- 
sistance R, to flow of liquid. Flow of liquid from the second 

| tank is dependent on resistance R,. It is at once obvious 
| that if the flow to C, is increased, the rise of level in C, will 
be slow at first and follow a “delayed-start” exponential, 
as in Fig. 3-9,b. The shape of this curve depends on the 
disposable filter cartridge with 540 sq. in. — area two time-constants C,R, and C,R,. This curve shows how 
: : removes even finest dirt par- | the level in tank C. varies after the low limit has been 
wag apna © ticles. Capacity: 30 scfm at reached and additional flow rate into C, has been made to 
for data on Model A-100. increase the level again. 

The effect of transfer lag in a level control system is to 
cause overshoot and “rounding off” of the straight-line 
graph of Figs. 3-6, 7, 8 as in Fig. 3-10. Such conditions must 
be avoided in an actual plant. 

The example is mainly of interest as being analogous to 
— | the temperature-control problem in which two-capacity 
systems are common and unavoidable. 





Dehydrate and filter ordinary plant air 
with a Hankison Model B-30-D Con- 
densifilter for air of "Instrument- 
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point of air to within 2 or 3 degrees of cooling water; low cost, 


HANKISON CORPORATION 


352 Biltmore Building, 951 Banksville Road 
PITTSBURGH 16, PENNA. 


TTIVVIItT TT 


THERMAL CONTROLS AND 
THERMOMETERS 





INHERENT REGULATION 


An important plant characteristic in all control problems 
is that of inherent regulation, which is defined as follows 
(Definition 2304): “A property of a process by which, in 
| the absence of control, equilibrium is reached after a dis- 
turbance.” Most processes possess this property to some de- 
gree. The greater the inherent regulation, the more easy 
is the automatic control of the process. 
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Consider the conditions governing the level in a tank 
(Fig. 3-11) open to atmosphere. In the absence of control, 


| the level stabilizes at a height (h) so that inflow (Q,) is 


| system with associated re- 





Fig. 3-8. A  two-capacity Fig. 3-9. Exponential and 
“delayed-start” exponential 


sistances to flow. caused by resistances. 
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Fig. 3-11. Open tank with 
inflow and outflow. 


Fig. 3-10. Overshoot and 
rounding of curves caused by 
transfer lag. 
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equal to outflow (Q,). Then Q,; Q, kvh (k is a con- 
stant). 

If Q, is increased to Q,’, the level will rise until Q,’ 
Q” kyvh’. The level will then remain stable at height h’. 
This system therefore possesses inherent regulation. 

If the outflow were controlled by a constant displacement 
pump, or a flow controller (as in Fig. 3-3), instead of by the 
head in the tank, any sustained change in Q, would cause a 
continuous change in level until the tank overflowed or emp- 
tied. There would be no inherent regulation. 


POTENTIAL VALUE AND POTENTIAL DEVIATION 

The concept of the “potential value” of the change brought 
about by a change of setting of the regulating unit is im- 
portant in the study of piant problems. Potential value 
(definition 2206) is: “The equilibrium value of the con- 
trolled condition which would be attained for any particular 
adjustment of the regulating unit in the absence of changes 
in external conditions . . . which affect the process.” For 
example, the value of h corresponding to the equilibrium 
level for a setting of valve V (to give Q,) is the potential 
value of the setting. Usually a knowledge of the potential 
change of controlled condition due to a change of setting 
of regulating unit is useful. If 1 percent. change in setting 
of a pneumatically operated valve V gives 0.5 percent. 
change in h (60 in.) then the potential change of level for 1 
lb. per sq. in. change of pressure on the valve diaphragm 
(1/12th of full opening) is 60 x 0.5/12 2.5 in. (This as- 
sumes linearity for small changes in h.) 

Potential deviation expresses a most useful idea which 
is helpful in defining the efficiency of a control system in 
terms of its inherent regulation. The potential deviation is 
used to define the change in controlled condition, due to a 
given disturbance, which would occur in the absence of con- 
trol. For example, the potential deviation due to a change 
in outflow rate (Q,) in the system of Fig. 3-11 is a change, 
say Ah, in h. With two-step control (with no lags) the devia- 
tion is actually limited to, say 1. Thus we can use Ah/l as a 
measure of the efficiency of the system—that is, potential 
deviation/max. actual deviation. 

The greater the inherent regulation (7.e., the smaller the 
potential deviation), the easier the control becomes, 

Since the object of control is to make the deviation | 
small, and since the larger Ah is the more difficult is the 
control, this ratio gives a good measure of the efficiency of 
the control. The larger the ratio is the more efficient is the 
control. 

This ratio will be very useful when continuous control is 
discussed, 

SUMMARY OF EFFECT OF PLANT 
CHARACTERISTICS ON TWO-STEP CONTROL 

Level control has been used to illustrate simply the ef- 
fects of plant characteristics on the performance of a two- 
step controller. Before taking the more difficult case of tem- 
perature control, let us summarize these effects. 

1. Process reaction rate does not affect the efficiency of 
two-step control if the plant has no appreciable process lags 
and if the controller and regulating unit has no appreciable 
lag. 

2. Similarly, demand changes can be large or small (pro- 
vided they remain within a prescribed range which the 
change in valve settings can meet) when no lags exist.* 

3. Increase of demand side capacity increases the stability 
of the system. 

4. Inherent regulation makes control easier. 

5. Lags in either plant or controller tend to cause “over- 
shcot” and temporary changes of mean level, so that when 
plant lags are considerable, successful two-step control can 
only be obtained if: 

(a) Process reaction is slow (7.e., demand side capacity 
is large). 
(b) Demand changes are small. 
(c) Measuring and controller lags are small. 
Continued next month 


*Provided the frequency of valve repositioning is not too great from the 
mechanical point of view. 
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INSTRUMENTS ON THE MARCH 


New Principles. Appli ‘ations. Non-commercial Developments 


Isotopic Method for 
Water Content 


WASHINGTON, D. C.—A method which uses heavy 
water to determine the total water content of biological 
tissues and other materials has recently been developed 
by Drs. H. J. Morowitz and H. P. Broida of the National 
Bureau of Standards. The NBS technique consists in dis- 
solving a known amount of the material to be analyzed 
in a mixture of deuterium oxide (heavy water) and hydro- 
gen oxide (ordinary water) and then determining spec- 


troscopically the resulting change in the ratio of deuterium 
oxide to hydrogen oxide. From the difference in this ratio 
before and after addition of the sample, the water content 
of the sample material, which is assumed to contain no 
deuterium oxide, is computed. 

The analysis takes advantage of the wavelength separa- 
tion of the emission lines of hydrogen and deuterium due 
to the isotopic shift. Mixed vapor from the H,O-D,O solu- 
tion containing the sample is pumped continuously through 
a discharge tube at left. The H and D lines emitted in the 
discharge are picked up by the scanning monochromator 
(right of center), and their intensities are traced on the 
photoelectric recorder (extreme right). 


Racing Shell Instrumentation 


Rowing crews of racing shells at the University of Cali- 
fornia are being tested by resistance-wire strain gages 
(Baldwin type A5) cemented on the oar lock pins. The 
individual performances of several crewmen are recorded 
simultaneously. 


MAXIMUM THRUST + 23/2 LBS 
AVERAGE TWRUST.87 LBS 


AREA UNDER CURVE « 1045 LBS 


MAXIMUM THRUST « 2665 Les 


AVERAGE THRUST « 150 LBS 


AREA UNDER CURVE+ 150 LBS SEC 
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Strain-time curves produced by a recording oscillograph 
give the rate of rise and fall of effort (which is directly 
proportional to strains in the oar lock pins), the maximum 
thrust applied, the total effective energy per stroke, the 
cleanness of blade entry and exit, and the degree of co- 
ordination of crew members. 

Improvements in shells and oars by means of these 
strain gages are also possibilities, say E. D. Baird, Grove 
Regulator Company, Oakland, California, and W. W. Soroka, 
Professor of Engineering Design, University of California. 

During test runs, a cable connects Baldwin SR-4 strain 
gages on oar lock pins with recording equipment in the 
launch. Cable is not permitted to drag in the water. 


Liquid Asphalt Tank Control 


EAST RUTHERFORD, N. J.—An ingenious use of ther- 
mostats has solved the problem of keeping a continuous 
check on the operation of a liquid-level controller in a hot- 
asphalt tank at the Flintkote Co., E. Rutherford, N. J. The 
thermostats were adopted because the high temperature 
and extreme viscosity of the asphalt interferes with the 
operation of most level-indicating instruments. Two rows 
of “Thermoswitch” units each containing 11 units spaced 
six inches apart, are mounted on opposite walls of the 
tank. The rows are staggered vertically so that liquid level 
is measured at 3-inch intervals. The thermostats, manu- 
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factured by Fenwal Incorporated of Ashland, Mass., are 
connected to a set of three pilot lights. The plant men can 
connect any three thermostats to the three pilot lights, de- 
pending on which liquid level is required. 

Another safety feature of the Flintkote installation is 
the use of a Fenwa] “Detect-A-Fire” automatic carbon- 
dioxide extinguishing system which blankets the surface 
of the asphalt with carbon dioxide in the event of fire, 
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No matter what the process ,..no matter how 
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Vanufacturers’ 
New Literature 


In this department we report new literature, pertaining to instrumentation, re- 
ceived from the manufacturers. We urge readers to request ONLY those bulletins 
which will be of value to them. Use the Postage-free Order Card on Page 475. 

Requests for literature FROM ABROAD should be made on company letterhead and 


mailed DIRECTLY to the manufacturers. 





Temperature 

Temperature Conversion Chart. New 
chart for converting Fahrenheit and 
Centigrade temperatures is based on 
famous tables devised by Sauveur and 
Boylston. Conversion figures are litho- 
graphed on 8% x 11 paper, punched 
for binder.—Holladay & Westcott, 
5384 Huntington Drive, Los Angeles 
32, Calif. 


Mention L-287 on card 


Immersion Thermocouple. New 4- 
page illustrated brochure announces 
new “Stamco” immersion thermo- 
couple for molten-metal temperature 
measurement.—Standard Tool & Ma- 
chine Co., Blawnox, Pa. 

Mention L-288 on card 


Electric Heaters. New 60-page il- 
lustrated 1953 Catalog GEC-1005D 
covers maker’s large line of “Calrod” 
electric heaters and heating devices. 
Indexed by process and application, 
catalog contains methods of determin- 
ing power requirements and _ heat 
losses by graphs and formulas. In- 


INSTRUMENT 


CONSULTANTS 


cludes index of application bulletins 
and specification sheets available from 
company. Heaters described include 
immersion, strip, cartridge, tubular, 
insertion, fin heaters, melting pots, 
thermostats, switches, oven heaters, 
and induction heaters.—General Elec- 
tric Co., Schenectady 5, N. Y. 


Mention L-289 on card 


Temperature Regulators. New 8-page 
Bulletin ST162 describes and _ illus- 
trates maker’s line of series “V” self- 
operated temperature regulators for 
steam, liquids, and gases. Includes ap- 
plications, dimensions, specifications, 
and accessories.—Farris Stacon Corp., 
610 Commercial Ave., Palisades Park, 
N. J. 


Mention L-290 on card 

Thermometers, Psychrometers. New 
4-page illustrated brochure describes 
and illustrates maker’s thermometers 
and sling psychrometers for general 
use. Includes types, ranges, and prices. 

Moeller Instrument Co., Richmond 
Hill 18, N. Y. 


Mention L-291 on card 
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Your card in this 
space in 12 issues of 
INSTRUMENTS for 
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Dairy-Industry Thermometers, Hy- 
drometers, New 26-page catalog de- 
scribes and illustrates maker’s instru- 
ments for the dairy industry. Includes 
applications, specifications, dimen- 
sions, ranges, accessories, and prices 
on large line of thermometers and hy- 
drometers.—Moeller Instrument Co., 
Richmond Hill 18, N. Y. 


Mention L-292 on card 


Marine Thermometers, Instruments. 
New 4-page bulletin describes and il- 
lustrates maker’s clinometers, fathom 
rules, trim indicator, sounding tubes, 
salinometer pots, thermometers, and 
hydrometers for ships and marine ap- 
plications.—Moeller Instrument Co., 
Richmond Hill 18, N. Y. 


Mention L-293 on card 


Miniature Thermal Relay. New 2- 
page Bulletin 3027 describes and il- 
lustrates maker’s miniature thermal 
relay. Gives applications, features, 
specifications, ratings, tolerances, and 
standard models.—-Thomas A. Edison, 
Inc., West Orange, N. J. 


Mention L-294 on card 


Fire Detector Thermostats. New 2- 
page Bulletin 3018A describes and il- 
lustrates maker’s sealed-in-glass fire 
detector thermostats. Gives specifica- 
tions and types.—Thomas A. Edison, 
Inc., West Orange, N. J. 


Mention L-295 on card 


Portable Refrigeration Unit. New 
illustrated 2-page Bulletin CH-4 de- 
scribes “Junior Chil-er,” a compact 
portable refrigerating system for au- 
tomatic recirculating of cold water 
or brine.—Mayer Refrigerating Eng., 
Inc., Rutherford, N. J. 


Mention L-296 on card 


Cooling Equipment. New Catalog 
No. 2 contains over 100 loose-leaf 
pages in indexed binder on maker’s 
large line of cooling equipment for 
electronic devices—axial flow fans, 
heat exchangers, blowers, tube sup- 
ports, flow controls, interlocks, and 
auxiliaries. Includes many basic motor 
connections, charts, diagrams, selec- 
tion data, etce.—-Rotron Mfg. Co., 
Schoonmaker Lane, Woodstock, N. Y. 


Mention L-297 on card 


Pressure 


Electronic Pressure Indicator. New 
8-page illustrated brochure (loose leaf) 
gives features and operation of 
maker’s “Model ST-12” electronic 
pickup indicator for transient, recur- 
rent, or static pressure measurements. 
Includes Bulletin 101 on pressure pick- 
up and diaphragm construction, Bul- 
letin 102 on instrumentation and ac- 
cessories, Bulletin 103 on indicator 
specifications, and Bulletin 104 on 
pickup _ specifications. Rutishauser 
Corp., 490 S. Fair Oaks Ave., Pasa- 
dena, Calif. 


Mention L-298 on card 


Static Pressure Control. New 2-page 
bulletin covers construction, electrical 
capacity, applications and available 
types of maker’s static pressure con- 
trols designed for applications on 
very low pressures where regulation 
is required in inches of water.—The 





Henry G. Dietz Co., 12-16 Astoria 
Blvd., Long Island City 2, N. Y. 


Mention L-299 on card 


High-vacuum Apparatus. New 56- 
page Bulletin 10E on high-vacuum ap- 
paratus includes new vacuum connec- 
tors, couplings, etc. Contains detailed 
information on planning high-vacu- 
um systems, many tables and charts, 
low-pressure tec hniques, and complete 
description of various types of high- 

vacuum apparatus and accessories 
Central Scientific Co., 1700 Irving 
Park Rd., Chicago 13, III. 


Mention L-300 on card 


Weight, Force 
Electronic Scale. New 4-page In- 
strumentation Data Sheet 10.18-2 de- 
scribes “Ametron” electronic scale 
which employs servo technique for 
industrial weighing, utilizing Minnea- 
polis-Honeywell Brown components 
and instruments. Includes principles, 
operation, and applications in indus- 
trial weighing.—Sta. 40, Minneapolis- 
Honeywell Regulator Co., Brown In- 

struments Div., Phila. 44, Pa. 


Mention L-301 on card 


Force Measurement. New Data 
Sheet AED 340-8 gives new applica- 
tion in the machine shop for maker’s 
“Nultronic” indicator for quickly ob- 
taining accurate measurements of 
gripping strength and distribution of 
gripping forces in automatic chuck. 
The Foxboro Co., Foxboro, Mass. 


Mention L-302 on card 


Truck Scales. New 8-page illustrated 
folder gives construction, features, 
operation, and application of maker’s 
4-section straight-lever ball-bearing 
motor truck scales.—The Howe Scale 
Co., Rutland, Vt 


Mention L-303 on card 


Flow 
Flow Test Kit. New 2-page Catalog 
33, Supplement One, presents new 
portable wide-range flow-test kit com- 
prising five metering tubes. Includes 
features and capacities.—Fischer & 
Porter Co., Hatboro, Pa. 


Mention L-304 on card 


Venturi Nozzle. New 2-page Bulle- 
tin 130-J6 describes and illustrates 
maker’s saran-lined venturi nozzle for 
metering or controlling flow of cor- 
rosive liquids. Includes applications, 
construction, efficiency, and capacities. 

Builders Providence Inc., 345 Har- 
ris Ave., Providence 1, R. I. 


Mention L-305 on card 


Flow Meter. New 2-page Bulletin 
300-J14 describes and _ illustrates 
maker’s “Model AFUAQ Flo-watch” 
for totalizing, indicating, and record- 
ing of flow. Includes features, applica- 
tion, and operation.—Builders Provi- 
dence Inc., 345 Harris Ave., Provi- 
dence 1, R. I. 


Mention L-306 on card 


Flowmeters. New 6-page illustrated 
Bulletin 201 announces new variable- 
area precision “Flo-Meters” for air 
and industrial gases, Includes prin- 
ciple, construction, assembly, applica- 
tions, and selector chart for various 














maintenance and replacement 
aré simplified with Fairchild 


CULUUELL UM 


plug-in potentiometers 


These plug-in type ganged potentiometers are another excellent example 
of* Fairchild’§ service in meeting the special requirements of customers. 
The problem was to provide ganged precision potentiometers that would 
simplify maintenance of airborne fire control equipment through quick 
and easy replacement. A series of packaged plug-in units like that shown 
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* PS a 

-An entire gang can be replaced in a few minutes because only the end 
mounting plates are fastened down. There are no wires to disconnect or 
solder. Test points are provided on the top of each potentiometer so it can 


be checked quickly. 


‘Maximum ‘rigidity of the gang is assured by mounting the individual units 
ona single shaft. These plug-in potentiometers have the same mechanical 
and electrical tolerances and performance characteristics that have made 
the Model, 746, unit the first choice for many critical applications, 


Use the coupon below to get full information. 
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FOR ALL OWNERS OF 
PANTOGRAPH AND 
ROUTING MACHINES... 


NEW HERMES 


CUTTER 
GRINDER 


eWrite for 
folder CG-37 


The only belt-driven 
grinder at low cost. 

¢ Smooth, vibration-free 
operation. 

* Ball bearing grinding 
spindle. 

* Tool head indexed for single 
lip and 2, 3, 4-sided cutters. 


NEW HERMES, Inc. 
13-19 University Place, N.Y. 3 
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MANUFACTURERS’ NEW LITERATURE 





gases.—Waukee Engineering Co., 759 
N. Milwaukee St., Milwaukee 2, Wis. 
Mention L-307 on card 


Metering Pumps. New 2-page Bul- 
letin I2 describes and _ illustrates 
maker’s metering pump that meters 
small quantities of fluids by means of 
a motor-driven single-revolution clutch 
and a pawl and ratchet mechanism. 
Includes operation and specifications. 
—Edward E. Robinson, Inc., P. O. 
Box 47, 95 Park Ave., Nutley 10, N. J. 


Mention L-308 on card 


Level 


Liquid Level Gages. New 4-page 
bulletin describes and illustrates mak- 
er’s reflex-type liquid-level gages. 
Includes specifications, dimensions, 
pressure-temperature graphs, and ac- 
cessories.—Jerguson Gage & Valve 
Co., 80 Fellsway, Somerville 45, Mass. 


Mention L-309 on card 


Gage Illuminator. New 2-page illus- 
trated data sheet describes maker’s 
mercury-vapor illuminator for steam 
gages, which permits accurate gage 
readings of boiler water level under 
adverse conditions.—Jerguson Gage 
and Valve Co., 80 Fellsway, Somer- 
ville 45, Mass. 

Mention L-310 on card 


Speed, Frequency 


Electric Tachometer Indicator. New 
4-page illustrated Bulletin D-134 
covers principles, construction, dial 
arrangements, and models of maker’s 
precision electric magnetic-drag tacho- 
meter-indicator assembly. — Instru- 
ment Laboratory Service, 10701 Briggs 
Ave., Cleveland 11, Ohio. 

Mention L-311 on card 


Speed Recorder. New 2-page techni- 
cal data sheet 81M describes and il- 
lustrates maker’s inkless strip-chart 
recorders for speed, frequency, rpm., 
etc. Includes applications, specifica- 
tions, operation, selection, dimensions, 
and ordering i i Metron 
Instrument Co., 432 Lincoln St., Den- 
ver 9, Colorado. 


Mention L-312 on card 


Acceleration 


Miniature Accelerometer. New 2- 
page illustrated brochure contains spe- 
cifications for maker’s “Series 2200” 
accelerometers used in vibration and 
shock measurement, servo-feedback 
control and vibration-table calibration, 
Extra page gives typical applications 
and arrangements.—Endeveo Corp., 
180 E. California St., Pasadena, Calif. 


Mention L-313 on card 


Accelerometer. New 2-page Bulletin 
A302 describes and illustrates maker’s 
“Model A105” accelerometer. Includes 
“Model A302,” with characteristics, 
ranges of both.—Gulton Manufactur- 
ing Corp., Metuchen, N. J. 

Mention L-314 on card 


Accelerometers. New 2-page data 
sheets describe maker’s “Model A104- 


2 and A-410-A” accelerometers. Lists 
characteristics —Gulton Mfg. Corp., 
Metuchen, N. J. 


Mention L-315 on card 


Radioactivity 


Radioactivity Counters. New 8-page 
illustrated brochure on maker’s scin- 
tillation and Geiger counting instru- 
ments presents features and applica- 
tions of eleven models. Also described 
is “Dosifilm monitoring badge. Ap- 
plications in the clinic and laboratory 
are included.—R-C Scientific Instru- 
ment Co., Inc., 335 Culver Blvd., Playa 
Del Rey, Calif. 


Mention L-316 on card 


Radioactivity Monitor. New 4-page 
Bulletin 103 describes applications of 
maker’s radioactivity cells for moni- 
toring gamma radiation. Includes mod- 
els in use and general description of 
each.—The Ohmart Corp., 2347 Fer- 
guson Rd., Cincinnati 38, Ohio. 

Mention L-317 on card 


Radioactivity Cell. New 4-page Bul- 
letin 101 describes and illustrates ra- 
dioactive-sensitive element that con- 
verts radioactivity energy directly 
into electrical energy. Includes oper- 
ating principle and applications.—The 
Ohmart Corp., 2347 Ferguson Rd., 
Cincinnati 38, Ohio. 

Mention L-318 on card 


Computing 


Computers. New 12-page bulletin 
describes and illustrates maker’s com- 
puters, differential analyzers, and 
data-processing systems. Also includes 
information about company personnel, 
facilities, and products.—Computer 
Research Corp., 3348 West El Segundo 
Blvd., Hawthorne, Calif. 

Mention L-319 on card 


Analog-to-Digital Converters. Nine 
new technical data sheets (10.00-10.07 
and 10.99) describe and illustrate mak- 
er’s ““Model A” converter and acces- 
sories. Include applications, specifica- 
tions, dimensions, suggested opera- 
tions and prices of analog-digital con- 
verter, mounting blocks, isolation 
coupling, gear box, and pulser.—Ge- 
nisco, Inc., 2233 Federal Ave., Los 
Angeles 64, Calif. 

Mention L-320 on card 


Computers. New 4-page bulletin de- 
scribes and illustrates maker’s analog- 
type computer for problems in dy- 
namics. Includes specifications, com- 
ponents, and prices.—Leonard L. Nal- 
ley, 833 W. Plum St., Compton 4, Calif. 


Mention L-321 on card 


Integrator. New 6-page bulletin de- 
scribes and illustrates maker’s elec- 
tromechanical integrator for research 
and industry. Includes applications, 
operation, models, specifications, and 
prices.—Instron Engineering Corp., 
2 Hancock St., Quincy 71, Mass. 

Mention L-322 on card 


Shaft Position Digitizer. New 10- 
page bulletin describes and illustrates 





maker’s “Digitizer” for shaft-position 
indication, counting, and controlling 
by digital technique. Includes applica- 
tions, specifications, dimensions, and 
ordering information.—Coleman En- 
gineering Co., 6040 W. Jefferson Blvd., 
Los Angeles 16, Calif. 


Mention L-323 on card 


Logarithmic Converter. New 4-page 
bulletin describes and illustrates mak- 
er’s “Logaten” logarithmic converter 


—nonlinear attenuating networks 
whose output voltage is a linear func- 
tion of the logarithm of input voltage. 
Includes characteristics, models, and 
other products.—Kalbfell Laborator- 
ies, Inc., 1090 Morena Blvd., San Di- 
ego 10, Calif. 


Mention L-324 on card 


Data Reduction, Computing. New 
6-page folder describes and illustrates 
maker’s digital read-out machines, 
electronic scanning counters, analog- 
to-digital converters, input keyboards, 
binary-to-decimal conversion ma- 
chines, and octal binary adding ma- 
chines. Includes specifications.—Clary 
Multiplier Corp., Dept. CF, San Gabri- 
el, Calif. 


Mention L-325 on card 


Laboratory Apparatus 


Laboratory Apparatus. New 20-page 
issue 53-1-49 of “Announcer” fea- 
tures article on “How Temperatures 
are Measured,” describes ‘“Temco” 
portable pyrometer and millivoltmeter, 
and “Tempilstiks” and pellits. Includes 
information on electro-analyzer, mi- 
croscope eyepiece camera, carbotrane, 
manometric microgasometer, and auto- 
matic pipette washer.—Eberbach & 
Son Co., Ann Arbor, Mich. 


Mention L-326 on card 


Laboratory Equipment. New 16- 
page issue No. 17 of “What’s New” 
presents features and applications of 
torsion balances, ‘“Labline” ovens, 
electro-analyzer, Beckman “Aquame- 
ter,” electronic “Filamatic,” and other 
lab apparatus.—Scientific Glass Ap- 
paratus Co., Bloomfield, N. J. 


Mention L-327 on card 


Laboratory Apparatus. New 32-page 
Vol. 22, No. 3 issue of “The Labora- 
tory” has 8-page feature article on 
pharmaceutical industry. Three new 
instruments are announced: Fisher/ 
Tag Saybolt chromometer; cloud & 
pour-point tester; and viscometer 
cleaning and drying apparatus.—Fish- 
er Scientific Co., Pittsburgh 19, Penna. 


Mention L-328 on card 


Laboratory Safety. New 6-page il- 
lustrated safety bulletin is article re- 
print on problems peculiar to labora- 
tory safety.—Fisher Scientific Co., 
Pittsburgh 19, Pa. 


Mention L-329 on card 


Fluid Dispenser. New 2-page bulle- 
tin describes and illustrates maker’s 
automatic fluid dispenser for small 
amounts of fluid. Includes applica- 
tions, specifications, and price.—Men- 
da Co., 279 N. Hill Ave., Pasadena 4, 
Calif. 


Mention L-330 on card 








TRIM MPOT 


Trade Mark 


simislanoners 
for precise circuit ne 


Bourns TRIMPOT is a wire- 

wound potentiometer designed 
for miniaturized equipment. . 

Adjustments are simple and 
¢ccurate .. . they are made by 
tuxning the exposed slotted shaft with 
a screw driver. Settings are securely 
maintained during severe 
shock, acceleration and vibration. 


TRIMPOTs can be installed 
individually or in stacked assemblies 
with two mounting screws through 
the eyelets in the body. Superior 
electrical characteristics are achieved 
by the use of precious metal contacts 
and precision resistors. 


Bourns designs and manufactures 
other potentiometers which measure linear 
motion, gage pressure, differential Pressure, 
altitude and acceleration. 


OURNS LABORATORIES 
6135 Magnolia Ave., Riverside, California 
Technical Bulletin on request, Dept. 22 


March 1953—Instruments—Page 459 





= A Conductance Measuring Instrument 


Type 192-A 


The G Meter may be used to obtain values of 
dielectric constant and power factor of test 
samples to the degree of refinement required in 
standard testing methods such os ASTM specifi- 
cation D-150-47T. Test samples with very smoll 
losses ond capacitances may be accurately 
measured. The instrument is entirely self-contained. 

The G Meter employs o crystal controlled 
oscillator to supply voltage to o reference tuned 
circuit. By substituting calibrated internal pora- 
meters, the conductance and capacitance of the 
unknown ore determined. 


BOONTON RADIO 
VP UKE 





BOONTON NU-USA 








SPECIFICATIONS 

CONDUCTANCE RANGE: 0 to 35 micromhos—Direct 
reading in seven ranges. 

CAPICITANCE RANGE: 0 to 100 micro-micro-farads — 
Direct reading. (Simple indirect method allows 
measurements to 1000 mmf.) 

FREQUENCIES: 1 mc. and 30 me. crystal controlied 

SENSITIVITY: 10% Deflection of Panel Meter results 
from conductance change of 0.003 micromhos 
at 1 mc. and 0.03 micromhos of 30 mc. 

VOLTAGE ON TEST SAMPLE: 20 to 35 volts RMS 

LINE VOLTAGE: Internal regulation permits operation 
over range of 105-125 volts. 

PRICE: $1875.00 (either Ime or 30 mc). 

Additional Plug-in Oscillators (Ime or 30 mc) 
$105.00 each F.O.B. Factory 


When designing any plug-in unit 
REACH FOR THIS BASE 


Molded boss to hold 


mounting cards, 


ALDE 
20-PIN 


Also 11-pin 
& MIN. 


PLUG-IN UNIT 
CONSTRUCTION 


TREMENDOUS 
FLEXIBILITY 
Bases are complemented by 
standard Alden compo- 
nents: handles, brackets, 
housings, terminal cards to 
lick almost any problem 


Non-Interchangeable 
Color Coded 
Choice of variabie pin pat- 
terns guarantees against 
mismating. Color coding di- 
rects plug-in to its correct 

socket. 


Also 20-pin, ti-pin, 9-pin, 7-pin MATING SOCKETS 


sy west free samples and free 226-page ‘Alden Hand- 
" of Plug-in Unit Construction. 


{ft to 20 pins in 
many yatterns 


137 N. Main $t., Brockton 64, Mass. 


“ir SS 


: 
NA-ALI 


AG «4 


Hipen Paooucts Co. 
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Tapped 
side holes, 


DESIGNED SPECIFICALLY FOR 


Rack-mounting 
Sockets to match 
Base patterns 


AVOID THESE TROUBLES: 


Hol o take brac 
ar tail kept well acer MCMUEL DRL ECT C3 


from corners. 


FOR PLUG-IN PACKAGES 


RIGID BRITTLE 
BOSS BREAKS 


JP. 


LEVERAGE OF 
LONG PINS 
CRACKS BASE 


Are you tired of throwing 
away perfectly good units on 
account of broken bases? 


LONG PINS 
BEND EASILY 





START RIGHT WITH ALDEN BASES 
Bases specifically designed 
for Plug-in Unit Construction 


Mounting holes 
well away from 
edges. 


Ruggedly designed for 
specific purpose 


Short, stub- No center boss 
by prongs to break or 
will not bend erack base. 

or break out. 





Standardize on Alden Base Sockets, 
and your Design Problems vanish. 


| gases. 
| operation. 


NEW LITERATURE 





Chemistry Teaching Technique. New 
32-page manual, prepared and pub- 
lished by a committee of the Amer- 
ican Chemical Society, includes infor- 
mation on conducting a recitation pe- 
riod; conducting a laboratory period; 
quizzes, tests, reports, safety meas- 
ures; and first-aid procedures.—Fisher 
Scientific Co., Pittsburgh 19, Pa, 

Mention L-331 on card 


Vitreous Pipes. New 4-page bulletin 
describes and illustrates maker’s vit- 
reous silica pipes and fittings. Includes 
U-bends, S-bends, rectangular, ete. 
with dimensions and_ prices.—The 
Thermal Syndicate, Ltd., 14 Bixley 
Heath, Lynbrook, N. Y 

Mention L-332 on card 


Atom Models. New 12-page _ illus- 
trated booklet on atom models de- 
scribes theory, construction, uses and 
limitations of organic atom models 
developed by Dr. Hirschfelder of Uni- 
versity of Wisconsin and Dr. Taylor of 
Princeton University; and metal-co- 
ordination atoms developed by Dr. 
Bailar of University of Illinois and 
Dr. Basolo of Northwestern Univer- 
ity.—Fisher Scientific Co., Pittsburgh 

, Pa. 

Mention L-333 on card 


Laboratory Baths. New 8-page book- 
let “Constant Temperature Baths” 
tells how to combine a variety of jars, 
heaters, stirrers, thermostats and 
other components to produce precise 
bath capacity and control required in 
laboratory.—Fisher Scientific Co. 
Pittsburgh 19, Pa. 

Mention L-334 on card 


Chemistry, Physics Publications. 
New 58-page catalog lists books pub- 
lished by publishing company in chem- 
istry, physics, biology, medicine, tech- 
nology, engineering, history and art. 
Elsevier Press, 402 Lovett Blvd., 
Houston 6, Texas. 

Mention L-335 on card 


Analytical Instruments 


Photoelectric Densitometer. New 4- 
page Bulletin 800 illustrates and de- 
scribes maker’s photoelectric densi- 
tometer “Model 525” for chromatog- 
raphy and evaluation of filter paper 
strips and sheets as obtained by parti- 
tion cromatography and paper elec- 
trophoresis.—Photovolt Corp., 95 Mad- 
ison Ave., New York 16, N. Y 


Mention L-336 on card 


CO» Indicator. New 2-page_ illus- 
trated brochure announces new 
“Thermeo” differential analyzer for 
continuous indication of COs in mixed 
Includes principles, uses, and 
Instrument Engineering 
a Johnson Rd., Michigan City, 
nd, 


Mention L-337 on card 


Infrared Spectrometer. New 2-page 
Bulletin A-1 illustrates and describes 
maker’s “Model 112-S” quantitive in- 
frared spectrometer featuring double- 
pass optics for high accuracy.—The 
Perkin-Elmer Corp., Norwalk, Conn. 

Mention L-338 on card 





Inspection, Testing 


Ultrasonic Inspection. Four new 2- 
page application sheets describe 
proved applications of ultrasonic test- 
ing with maker’s “Reflectoscope,” il- 
lustrating testing problems and ultra- 
sonic solutions for cold drawn prod- 
ucts, paper mill equipment, hydraulic 
press components, and back-up roll in- 
spection.—Sperry Products, Inc., Dan- 
bury, Conn. 


Mention L-339 on card 


Granite Surface Plates. New 2-page 
illustrated catalog sheet lists standard 
sizes and prices and describes maker’s 
black granite surface plates. Includes 
advantages and comparison with metal 
and other granites.—Lawley Granite 
Surface Plate Co., 1412 Packard Bldg., 
Phila. 2, Pa, 


Mention L-340 on card 


Petroleum Industry Instruments. 
New 2-page bulletin lists maker’s in- 


struments for the petroleum industry. | 
Also describes and illustrates maker’s | 
“Sur-Way” unions, giving sizes and | 


operating temperatures.—Industrial 
Instrument Corp., P.O. Box 1909, 
Odessa, Texas. 


Mention L-341 on card 


Induction Period Calculator. New 2- 
page Data Sheet 11096 describes mak- 
er’s “Precision Calculator” which pro- 
vides a fast, accurate means for cal- 


culating the induction period of gaso- | 


line; designed for petroleum labora- 


tories making tests for oxidation sta- | 


bility of gasoline (ASTM 525).—Pre- 
cision Scientific Co., 3737 W. Cortland 
St., Chicago 47, Ill. 


Mention L-342 on card 


Dial Bore Gages. New 2-page Bul- | 


letin P-1 describes and _ illustrates 
maker’s “P series” dial bore gages. In- 


cludes applications, operation, specifi- | 
cations, and dimensions.—Rimat Tool | 


Co., 21 W. Dayton St., Pasadena 2, 
Calif. 


Mention L-343 on card 


Optical Tooling. New 4-page bulle- 
tin describes and illustrates maker’s 
“Align-A-Secope” for use in optical 
tooling. Includes applications and spec- 
ifications.—Joel Fox Co., Ine., 1110 


N. Steward St., Los Angeles 38, Calif. | 


Mention L-344 on card 


Water Brake. New 4-page Bulletin 
WA-1000 illustrates and describes 
maker’s “Hydra-Brake” for high-speed 


rotary-power absorption. Includes the- | 
ory, instrumentation, and applications. 


Industrial Engineering Co., Island 
‘Rd. at Suffolk Ave., Phila, 42, Pa. 


Mention L-345 on card 


Recording 


Direct-writing Recorders. New 6- | 


page bulletin “Applicability of San- 
born Direct Writing Recording Sys- 
tems” covers scope of application of 
maker’s equipment for recording elec- 
trical and mechanical phenomena. In- 
cludes chart of phenomena that can be 
recorded, transducer data, and specifi- 


cations.—Sanborn Co., 38a Osborn St., 


Cambridge, Mass. 
Mention 1-346 on card 


REGULATES AND CONTROLS 


VOLTAGE 


DC 


ee 


SORENSEN’S EXPANDED LINE OF B-SUPPLYS cuRRENT 
NOW INCLUDES THIS NEW MULTI-RANGE DUAL SUPPLY. 


Many users of Sorensen Nobatrons and AC Regulators are unaware that the 
standard Sorensen line includes a wide range of “B-Nobatrons” — high voltage, 
low-current DC sources. 

Are you familiar with the number of units in the line? Two of them — models 
360BB and 520BB — are low-cost units for those not requiring outputs adjustable 
down to zero, but which can be paralleled for higher current requirements. The 
other models are highly flexible, all-purpose laboratory instruments. All of them 
provide voltage and current well in excess of the specifications given below (these 
“plus values” are shown graphically in 
the new Sorensen DC catalog). 

You owe it to yourself to get ac- 

quainted with these Sorensen B-NOBA- 
TRONS. You'll find they are reasonably 
priced — surprisingly so — yet in all 
ways live up to the Sorensen reputation 
for sound engineering, quality construc- 
tion, dependable operation. Write for 
information. 


*Reg. U.S. Pot. Off. by Sorensen & Co, Inc 


MODEL 350-B SPECIFICATIONS 





INPUT 105 - 125 VAC, 50-60 ~~, 10. 

OUTPUT 1, 175-350 VDC @ 0-60 Ma simul- 
taneously from two independently 
adjustable outlets, 

2. 175-350 VDC @ 0-120 Ma from 
one outlet. 

3. 0-175 VDC @ 0-60 Ma from one 
outlet, 

4.6.3 VAC @ 3.5 amps., C.T., un- 
regulated. 

OUTPUT REGULATION | +1.0% 

RIPPLE 10 mv 

SIZE 13” x 7¥2" x 8” 


























B NOBATRON SPECIFICATIONS 





MODEL NO. 32588 36088 52088 56088 


Output voltage 0-325 175-360 200-500 0-500 0-500 
Output current 0-125 Ma 0-120 Ma 0-206 Ma 0-200 Ma 0-300 Ma 
Output voltage, bias 0-150 , — ‘ 0-150 0-150 
Output current, bias 0-5 Ma , ? = 0-5 Ma 0-5 Ma 
10 mv 10 mv 10 mv 10 mv 10 mw 
6.3 atlOamp. 6.3at lO amp. 6.3 at lO amp. 6.3 at 10 amp. 6.3 at 10 amp. 


unregulated) 
Regulation accuracy: +0.5% (+1% in 36088 ana 52088) 
Input: 105-125 volts AC, 50-60 cycles, single phase. 
Models 32588, 56088, 500BB and 100088 are metered 
Units are normally self-contained, All can be provided with a front panel for rack mounting, 











rr ? 


, 


For Complete Information Write 





SORENSEN & COMPANY, INC. 


375 Fairfield Avenue Stamford 2, Conn, 
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INDICATES 
Rate of Motion at all Speeds 


NEW ELECTRO 


MAGNETIC PICK-UP 


IMPULSE GENERATOR 


Used for 
ate lalhitelal 
Tathate Ba @tetal ti 


ialaelmelag 


suka 
es when 
ij with an plifiers 
Trips 
falaatiia iets 


nd relays 
Th yratron 


neng | gt t with 


tat ng ir lon hinery 


rol al 4 














4501-lu North Ravenswood, Chicago 4 40, Il. 


Model 3010-A 


Indicates Without Contact or “Loading” 


any moving metal 


okject of magnetic properties. When excited by a nearby 


object, 


it produces a voltage output proportional to the 


object's rate of motion or speed. And may be actuated by 


@ gear tooth, keyway, screw, pin or slot on the moving part— 


or any displacement or vibration of magnetic material in the 
field of the Pick-Up. Self-energized by built-in magnet. With- 
stands severe shock. Low price permits use on production 


machinery. 


Write for Bulletin MP 592 


ELECTRO PRODUCTS LABORATORIES 


Canada: ATLAS RADIO CORP., LTD., Toronto 





In either of these or any other valves, 
manual or automatic, which W. S. 
Rockwell builds for your exact needs, 
you’re sure to get the right type and 
size to best meet the conditions of 
operating pressure, temperature 
and nature of fluid handled, 
whether it be air, gases, water, 
liquid or semi-solid chemical 
materials. 

It will pay you to learn how Rockwell 
Valves can meet your plant's flow 
control requirements. 


Rockwell stainless steel valve; 
with air cylinder operator and 
valve positioner; for throttling 
gases at 1200° F. 


Write for Valve Catalog 
































Rockwell heavy duty volve 
for 50 p.s.i. 
sure; has o reploceable rub- 
ber liner for valve body and 
stainless steel blade; with a 
motor operator and hand- 
wheel declutching unit. 


working pres- 


W. S. ROCKWELL COMPANY 
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| boiler-control 


NEW LITERATURE 





Recording Tape. New 2-page illus- 
trated brochure announces new her- 
metically sealed “Scotch” brand of 
“Instrumentation Type 109” data re- 
cording tape. Includes sizes and prices. 
—Audio & Video Products Corp., 730 
5th Ave., New York 19, N. Y. 

Mention L-347 on card 


Microscopes 


Microscope. New 6-page bulletin de- 
scribes and illustrates maker’s “Dial- 
ux” microscope with built-in illumina- 
tion, Includes applications, specifica- 
tions, and accessories.—E. Leitz, Inc., 
304 Hudson St., New York 13, N. Y- 


Mention L-348 on card 


Microscope. New 50-page booklet 
“The Microscope—Its Application, 
Use, and Care” covers care, applica- 
tion, and use of microscopes. Includes 
optical principles, drawing attach- 
ments, measuring darkfield illumina- 
tion, depth of field, and many basic 
points about microscopes.—E. Leitz,. 
9 304 Hudson St., New York 13, 
N 


Mention L-349 on card 


Inverted Metallurgica! Microscope.. 
Illustrated brochure announces new 
“Melabor” microscope for surface in- 
spection and control. Includes fea- 
tures. —William J. Hacker Co., 82 
Beaver St., New York 5, N. Y 


Mention L-350 on card 


Process Control Equipment 


Process Control Equipment. New 
32-page Industrial Control Catalog 
F3941-2 covers contro] terminology, 
thermostats, proportioning pressure 
switch, humidity controls, valve bod- 
ies, motor-operated valves, solenoid 
valves, regulators, control motors, re- 
lays, ete.—Barber-Colman Co., Rock- 
ford, Ill. 


Mention L-351 on card 


Process Regulators. New 36- -page, 
illustrated “Step Selection Chart” sim- 
plifies selection of proper type and 
size of pressure regulator, temper- 
ature regulator, or pump governor to 
a specific job. Supplemented by steam, 
gas and water capacity tables, togeth- 
er with installation suggestions and 
other useful information.—Foster En- 
gineering Co., Union, N. J 

Mention L-352 on card 


Annunciator Systems. New 40-page 
Bulletin 100 describes and illustrates 
maker’s annunciator systems designed 
to signal and direct the operator’s at- 
tention when processing or manufac- 
turing tolerance has been exceeded. 
Includes general information on com- 
ponents of system, sequences and cir- 
cuits, annunciator cabinets, acces- 
sories, engineering data, and national 
electric code requirements.—Pan- 
alarm Products, Inc., 6312 N. Broad- 
way, Chicago 40, IIl. 

Mention L-353 on card 


Boiler Control. New 10-page Bulle- 
tin 1007 illustrates and describes new 
systems with instru- 





mentation by Taylor. Includes control 
systems for combustion, feed water, 
boiler steam temperature and soot 
blower; also standard or miniature in- 
struments and conventional, console or 
graphic panels.—Copes-Vulcan Div., 
Continental Foundry & Machine Co., 
Erie 4, Pa. 
Mention L-354 on card 


Soot Blowers. New 32-page Bulletin 
1004 discusses fifteen central-station 
installations of maker’s automatic-se- 
quential soot-blower systems for pow- 
er and reheat boilers with capacities 
to 1,370,000 pounds per hour, pres- 
sures to 1925 psi. and temperatures 
to 1055 F.—Copes-Vulean Div., Con- 
tinental Foundry & Machine Co., 
Erie 4, Pa, 

Mention L-355 on card 


Preset Counter-controllers. New 4- 
page Bulletin 202A describes and illus- 
trates maker’s “Cyclo-monitors,” cir- 
cuit controlling pre-set counters with 
instantaneous automatic reset. In- 
cludes applications, construction, oper- 
ation and general characteristics.— 
Counter and Control Corp., 5225 W. 
Electric Ave., Milwaukee 14, Wis. 


Mention L-356 on card 


Contact Meter-relay Controllers. 
New 4-page Bulletin G-1 describes and 
illustrates maker’s “Sim-ply-trol” me- 
ter-relay controls with electro-mag- 
netic locking contacts. Includes appli- 
cations, specifications, accessories, and 
prices.—Assembly Products, Inc., Main 
& Bell Sts., Chagrin Falls 1, Ohio. 

Mention L-357 on card 


Packaged Control Systems. New 4- 
page “Cook Diaphlex Newsletter” No. 
23, Vol. 1 describes and illustrates 
maker’s facilities for the manufacture 
of packaged control systems for varied 
applications. Accompanying “Canadi- 
an Diaphlex Newsletter” describes and 
illustrates construction of company’s 
Canadian branch.—Cook Electric Co., 
oo N. Southport Ave., Chicago 14, 


Mention L-358 on card 


Valves 


Flexible Valves. New 24-page Cata- 
log FL382 describes and _ illustrates 
maker’s line of pinch-type non-plug- 
ging flexible valves. Includes applica- 
tions, specifications, dimensions, list 
prices, and list of representatives.— 
Farris Flexible Valve Corp., 610 Com- 
mercial Ave., Palisades Park, N. J. 

Mention L-359 on card 


Diaphragm Motor Valves. New 4- 
page Specification Sheet 419-2 illus- 
trates and describes “Honeywell Se- 
ries 100” diaphragm motor valve for 
optimum narrow-band proportional 
control at minimum cost. Gives size, 
construction, body pressure range, 
connections and complete mounting di- 
mensions.—Sta. 64, Minneapolis-Hon- 
eywell Reg. Co., Brown Instruments 
Div., Phila. 44, Pa. 

Mention L-360 on card 


Valves, Control Equipment. New 50- 
page assembly of bulletins in attrac- 
tive cover illustrates and describes 
maker’s line of valves, and control 





| 


Acco HELICOID GAGES | 


products 


: 4 
HELICOID FEATURES 


1. Stainless Steel Helicoid Roller (no gear teeth ) 
2. Stainless steel hair spring 
3. Long Life Cam (no gear teeth) 


4. Corrosion-resistant link 
and screws 


Why HELICOID Gages... 


retain original accuracy longer, last longer, 
and cost less per gage, per year 


NO GEARS, NO TEETH 


@ HELICOID is the greatest achievement of the gage makers’ 
craft—the pressure or vacuum gage without gears... 
without teeth! The HELICOID movement is a simple cam 
and roller device that gives long, trouble-free service. It has 
been tested and proved in years of hard service in the field. 





HELICOID Gages are particularly desirable where pressures 
fluctuate and cause excessive movement and wear of gears 
in ordinary gages. The smooth operation of the durable 
HELICOID cam and stainless steel roller keeps the pointer as 
steady as it was originally even after hundreds of thousands 
of cycles. 


Many sizes, many styles 
You can get HELICOID Gages for pressure, vacuum, or 
compound service—in all pressure ranges; white, black, or 
radiant faces; wall, stem, flush, and panel mountings, or 
flangless cases. 


HELICOID 


Pressure 
J 


Vacuum 


See your Cistributor or 
write today for Catalog G-2 


HELICOID GAGE DIVISION 
;,AMERICAN CHAIN & CABLE \ GAGES 


929 Connecticut Avenve * Bridgeport 2, Connecticut 
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HEISE GAUGES 


STANDARD OF THE WORLD 


for measurements 
of pressure 


of extreme accuracy 





V A design for every 
opplication 


V Accurate to 0.2% of scale 


or better r r 
For the unusual pressure gauge appli- 


Minimum hysteresis cation where extreme accuracy and 
and creep stability under continuous-use or other 

exacting conditions are essential 

Bevelving dial sere Heise Gauges can be specified with 


adjustment confidence. 


“tn place” Bleeding Manufactured on special order only 


in ranges from 0-15 to 0-10,000 psi. 
Sizes: 844", 12” and 16”. Prices: 
$151.60 to $211.20. Write for catalog. 


Heise Bourdon Tube Company, Inc. 
_ Newtown, Connecticut 


of air 


Special designs for 


use with mercury 














VICTOREEN’S VOLTAGE REGULATOR TUBES 


Replace expensive electronic 
regulating circuits. 


For applications requiring reliable voltage regulation in low current circuits . . . 
Consider the advantages of a single tube to perform one of these vital functions: 
Voltage regulation of power supplies. 

Voltage reference for control of higher currents. 

Voltage limiting to prevent circuit overloading. 

Voltage adjustment for fine control of precision power supplies. 





Maximum Current 800 yo 
Regulation 
200-800 va is 3.0% 


GLOW TUBES 
$7 Voits 





HIGH VOLTAGE —s Maximum Current 100 va 
REGULATORS Ht ik te. Regulation 


400 te 2500 = 5-55yais 1.5% 
Volts 





HIGH VOLTAGE maa Maximum Current 250 ya 
REGULATORS = (Carl ‘= Regulation 


wee — 5-55 vais 1.5% 





HIGH VOLTAGE y= Maximum Current 100 vo 
REGULATORS a ——A-A8) ~—s Regulation 


$000 te 15,000 ; —— 10-60 wais 1.5% 
Volts 


ADJUSTABLE , Maximum Current 55 ya 
REGULATORS _ N Regulation 


645 10 705 a 33% 
Sate 5-55 ya is 3% 











GETTER COMPONENTS MAKE BETTER INSTRUMENTS 


WRITE FOR 
ADDITIONAL > ° . 
SPECIFICATIONS. T ita Vicloreen Ir islrument Co. 


3800 PERKINS AVE. * CLEVELAND 14, OHIO 
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NEW LITERATURE 





equipment, including diaphragm-oper- 
ated valves, angle check valves, 4- 
way valves, pressure controllers, tem- 
perature controllers, timers, pilot 
valves, and safety  selector.—The 
Valve-Trol Co., 167 Hill St., Akron 
8, Ohio. 
Mention L-361 on card 


Control Valve. New 2-page_illus- 
trated Bulletin 4810 presents feature 
and construction of valve designed to 
control speed of piston stroke in a 
cylinder and available in six standard 
pipe sizes from % to 1% inches.—Air- 
matie Valve, Inc., 7317 Associate Ave., 
Cieveland 9, Ohio. 

Mention L-362 on card 


Air 

Air Filter, Cleaner. New 2-page il- 
lustrated brochure presents new “Con- 
densifilter” with disposable cartridge 
for cleaning and drying air or gases.— 
Hankison Cerp., 951 Banksville Rd., 
Pittsburgh 16, Pa. 

Mention L-363 on card 


Air Cleaner. New 8-page Catalog 
252 describes and illustrates princi- 
ples, installations, and proper selec- 
tion of maker’s “Aridifier’’ which re- 
moves oil, moisture, and dirt from 
compressed air or gas lines.—Logan 
Eng. Co., 4901 W. Lawrence Ave., Chi- 
cago 30, Ill. 

Mention L-364 on card 


Power Supplies 


Voltage Regulator. New 2-page bul- 
letin describes maker’s “Model 121 
Super Regulator,” said to provide ul- 
timate in low internal impedance when 
used with regulated or unregulated 
d-c. power supplies. Includes oper- 
ation, specifications, construction, ap- 
plications, and characteristics.—Kalb- 
fell Laboratories, Inc., 1090 Morena 
Blvd., San Diego 10, Calif. 


Mention L-365 on card 


Selenium-rectifier Power Supply. 
New 4-page Bulletin RRPSMVF 852 
describes and_ illustrates  maker’s 
“Magni Volt” regulated selenium rec- 
tifier that provides low-voltage regula- 
tion and minimum maintenance. In- 
cludes operation, application, and com- 
ponents.—lInet, Inc., 8655 S. Main St., 
Los Angeles 3, Calif. 

Mention L-366 on card 


Audio, Radio Equipment 


Filters, Carrier Telegraphy. New 8- 
page issue Vol. 2, No. 2 of “The Len- 
kurt Demodulator” features illustrated 
articles on effects of parallel connec- 
tion of filters on bandwidth, carrier 
telegraph panels, and channel termi- 
nation units.—Lenkurt Electric Co., 
San Carlos, Catif. 

Mention L-367 on card 


Multichannel Microwave Relays. 
New 14-page Information Bulletin 
72A-P16 illustrates and discusses eco- 
nomic aspects of multichannel oper- 
ation of telephone and telegraph cir- 
cuits over microwave radio links.— 
Lenkurt Electric Co., Country Road, 
San Carlos, Calif. 

Mention L-368 on card 





Hi-Fi Audio Equipment. New 50- 
page illustrated catalog HF-3 de- 
seribes high-fidelity sound-reproduc- 
ing equipment and components han- 
dled by large distributor. Also in- 
cludes PA systems, intercommu- 
nication systems, custom cabinets, 
television chassis, portable phono- 
graphs, tape and wire recorders, tubes, 
and replacement parts.—Hudson Ra- 
dio & Television Corp., 48 W. 48 St., 
New York 36, N. Y. 


Mention L-369 on card 


Magnets, Materials 


High-frequency Core Material. New 
32-page illustrated booklet “Carbonyl 
Iron Powders” describes types, fea- 
tures, analytical data, quality control 
factors, magnetic data, characteris- 
tics, and applications of maker’s six 
types of iron powder for high-fre- 
quency cores. Includes formulae used 
in field, and 105-item bibliography on 
cores, coil, tuners, loops, bridges, Q- 
meters, electromagnetic theory, mag- 
netic-clutches, etc.—Antara Chemi- 
cals Div., General Dyestuff Corp., 435 
Hudson St., New York 14, N. Y. 


Mention L-370 on card 


Magnets. New chart “What makes 
a Magnet,” describes natural forces 
causing magnetism and how they are 
harnessed to create a useful tool. 
Eriez Mfg. Co., 1945 Grove Drive, 
Erie, Pa. 


Mention L-371 on card 


Connectors 


Multicontact-connector Assembly 
Procedures. New 40-page Manual C3 
describes and illustrates recommended 
assembly procedures for assembling 
and soldering plug assemblies and 
connectors. Includes techniques and 
details for safety wiring, molded-in 
plugs, coding, ferrule crimping, 
branching, stripping, dip soldering, 
splicing, transitions, ete.—American 
Phenolic Corp., Chicago 50, Ill. 


Mention L-372 on card 


Miniature Coaxial Connector. New 
2-page bulletin illustrates and de- 
scribes mechanical and electrical spec- 
ifications of new microminiature co- 
axial connector.—“Series 3000 Felts 
Microdot” coaxial connector.—Micro- 
dot Div., Felts Corp., So. Pasadena, 
Calif. 


Mention L-373 on card 


Shop Equipment 


Potting Compound, Bonding Agent. 
New 4-page issue Vol. 2, No. 3 of 
“Helix News” gives information on 
“P-420” potting compound and “R- 
3138” bonding agent for bonding dis- 
similar materials. Gives physical, 
chemical, and electrical properties.— 
Carl H. Biggs Co., 2255 Barry Ave., 
West Los Angeles, Calif. 


Mention L-374 on card 


Instrument Mercury. New 2-page 
bulletin describes and illustrates mak- 
er’s instrument mercury with dispens- 
ing and drop control tips. Includes ap- 


FAST... economical assembly of motors, gear trains, 
electro-mechanical computing and transmission devices 


wih mechanical development 
apparatus 


Servomechanisms, Inc., versatile Mechani- 
cal Development Apparatus is intended 
for numerous applications in the 
research, instrumentation, and. servo 
control fields. Typical applications 
of these precision built components 
include analog computers, signal 
generators, process programmers 
... Assembly is made with 
standard tools...each com- 
ponent is designed for 


repeated use. 


A typical develop- 
ment assembly in- 
cluding servo motors 
and synchros. 


Write for Descriptive 
literature MDA-200 


NEW CASSEL, NEW YORK +» POST & STEWART AVENUES, WESTBURY, N.Y. > EL SEGUNDO, CALIFORNIA 
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KEEP YOUR MERCURY CLEAN... 


BY THE 


Bethlehem nous 





electrical apparatus. 


OXIFIER, 25-lb. capacity 
5-lb. a 
150-Ib. 








This radical improvement is a fast, economical method of purifying 
mercury for any laboratory or plant. 


The motor-driven OXIFIER separates by air oxidation the dissolved base 
metals from the body of contaminated mercury. (2 to 4 hrs. per 25-lb. 
batch.) The TYPE F FILTER removes the resulting oxide-dust and scum, as 
weil as water, oil and all other floating materials, leaving the mercury 
bright and lively with a mirror-like surface. (25 lbs. per 6 min.) 


This OXIFIER-FILTER process renders low-cost prime virgin or accumulated 
scrap mercury equal, and in important respects superior, to expensive 
triple-distilled. It is entirely suitable for use in meters, instruments, and 


Also available: Large Industrial and Small Sets. Write for Bulletin Hg. 1. 


$180.00 
77.50 


FILTER, Type F $50.00 
“ 6 _ 20.00 
660.00 "oH 150.00 


Bethlehem Apparatus Company, = 


887 Front Street, Hellertown, Pa. 


25 Ib. capacity 
OXIFIER 


TYPE F FILTER 














HARDNESS 
TESTING... 


done WITH NO MENTAL 
HAZARDS. The SCLERO- 
SCOPE has done it for the 
past 42 years. 


In general use 
for specification 
purposes. Sim- 
ple, sturdy 
Comparatively 
inexpensive. 


Illustrated 
bulletins 
free 


The Shore Instrument 
& Mfg. Co., Inc. 


90-35 Van Wyck Expressway 
Jamaica 2, N. Y. 

















Sturtevan’ 


TORQUE TESTING 
FIXTURE 


FOR TESTING Screws, thread-cuttin 
and thread-forming screws— all types o 
threaded fasteners; threaded parts and 
threaded connections. 


FOR MANUFACTURERS 
DESIGNERS 
INSPECTORS 

TOOL ENGINEERS 
LABORATORIES and for 
PRODUCT CONTROL 


in assembly. 





Write for Bulletin TTF 
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NEW LITERATURE 





plications.—Bethlehem Apparatus Co., 
Inc., Front and Depot Sts., Heller- 
town, Pa. 

Mention L-375 on card 


Instrument Panelboards. New 4- 
page bulletin describes and illustrates 
maker’s custom-built instrument pan- 
elboards in mild and stainless steels, 
aluminum and alloy metals up to 1/4- 
in. plate.—Falstrom Co., 99 Falstrom 
Ct., Passaic, N. J 

Mention L-376 on card 


Electrical, Electronic Test 
Equipment 


Oscilloscopes. New 4-page bulletin 
describes and illustrates maker’s 
“Pulsecope” for pulse measurements. 
Includes applications, specifications, 
and prices.—Waterman Products Co., 
agg 2445-63 Emerald St., Phila. 25, 

a. 

Mention L-377 on card 


Oscillators. New 4-page issue Vol. 4, 
No. 4 of “Hewlett-Packard Journal” 
features article on maker’s oscillators, 
including operations, construction, and 
components. Also includes articles on 
10 KMC. test set.—Hewlett-Packard 
Co., 395 Page Mill Rd., Palo Alto, 
Calif. 

Mention L-378 on card 





Vacuum Tube Electrometers. New 
8-page bulletin describes and ilJn- 
trates maker’s vacuum-tube electrom- 
eters. Includes applications, specifica- 
tions, models, and accessories.—Keith- 
ley Instruments, 3868 Carnegie Ave., 
Cleveland 15, Ohio. 


Mention L-379 on card 


Electrical Test Instruments. New 
12-page Bulletin 19-53 describes and 
illustrates maker’s large line of elec- 
trical and scientific test instruments, 
including “Meggers,” ohmmeters, 
ground testers, direct-writing oscil- 
lograph, tachometers, frequency me- 
ters, and others; also gives informa- 
tion on available bulletins.—James G. 
Biddle Co., 13816 Arch St., Phila. 7, Pa. 


Mention L-380 on card 


AC Voltammeter. New Bulletin 6AA 
gives specifications and performance 
data on “Model 601 AC Voltammeters” 
—dual, multi-range meters for simul- 
taneous potential and current meas- 
urements from 0.2 to 500 amperes at 
from 30 to 600 volts. Includes features 
and applications——Associated Re- 
search, Inc., 3758 W. Belmont Ave., 
Chicago 18, IIl. 


Mention L-381 on card 


Motor, Winding Tester. New 4-page 
illustrated brochure gives principles, 
operation, and specifications of mak- 
er’s “PMD” induction-type tester for 
electrical-winding faults in motors, 
generators, etc.—Columbia Technical 
Corp., 5 E. 57 St., New York 22, N. Y. 


Mention L-382 on card 


Comparison Bridge. New 8-page is- 
sue Vol. 27, No. 7 of “The General 
Radio Experimenter” presents princi- 
ples, circuitry, and uses of new “Type 
1604-A” comparison bridge for pro- 
duction-line or laboratory testing of 
precise resistors, capacitors, and in- 
ductors.—General Radio Co., Cam- 
bridge, Mass. 

Mention L-383 on card 


Cathode-ray Oscilloscope. New 2- 
page bulletin describes and illustrates 
maker’s “Model 101” cathode-ray os- 
cilloscope with 7-in. cathode-ray tube 
with P1 or P7 screen. Includes fea- 
tures, performance, and specifications 
chart.—Teletronic Laboratories, Inc., 
1835 W. Rosecrans Ave., Gardena, 
Calif. 


Mention L-384 on card 


Selenium-rectifier Test Equipment. 
New brochure illustrates and describes 
specifications of maker’s “Model 710” 
selenium-rectifier test set, a small 
unit for testing selenium rectifiers in 
TV and radio.—The Jackson Electrical 
Inst. Co., 16-18 S, Patterson Blvd., 
Dayton 2, Ohio. 

Mention L-385 on card 


Pulse Generator. New 6-page Bul- 
letin B-2 illustrates and describes 
features and specifications of maker’s 
“B-2” pulse generator, which produces 
pulses of accurately controlled widths, 
amplitude, and time delay at low im- 
pedance.—Rutherford Electronics Co., 
3707 S. Robertson Blvd., Culver City, 
Calif. 

Mention L-386 on card 

Wattmeter. New 4-page bulletin 


describes and _ illustrates maker’s 
VHF-UHF r-f, wattmeter that meas- 








MORE COST-SAVING ADVANTAGES 


th 


BARTON 
FLOWMETERS 





The important difference lies in 
BARTON’S PATENTED* 


DUAL RUPTURE-PROOF BELLOWS PRINCIPLE 
PRECISION.« 
The Barton patented* Meter Body (see cutaway) ENGINEERED FOR 
eliminates all the principal sources of costly and 
troublesome flow measurement problems. You can . +» faster response 
throw away your mercury type meters...actually 
save money by installing Barton Flowmeters. 
Barton dual stainless steel bellows are rupture- 
proof. Over-range damage is eliminated. The 
Barton actuating element is more compact and * 
rugged, yet highly sensitive, insuring a long life 
of sustained accuracy with response that is vir- 
tually instantaneous. COST-REDUCING 
Pulsation dampener, adjustable externally, con- FEATURES... 
trols rapidity of instrument response, eliminates 
pen flutter. Torque tube drive insures absence of © No Mercury 
leakage and friction for life of the meter, provid- © No Seal Pots 
ing permanently a high degree of accuracy and 
sensitivity. The meter is completely self-draining © No Leveling 
or venting, eliminating the need for seal pots when © No Cleaning 
measuring wet gases. 
Thousands of Barton instruments are now em- © No Over-range Damage 
ployed throughout industry, solving measurement 
problems by combining top performance with 
cost-cutting efficiency. Write for complete infor- 
mation today ...request Barton Bulletin 11C-4. 


. sustained accuracy 


. lowest maintenance 


for measuring 


FLOW e LIQUID LEVEL ¢ DIFFERENTIAL PRESSURE 
*Pat. Nos. 2400048, 2500360, 2590324, other patents pending 


BARTON 
INSTRUMENT CORPORATION 


$O. EASTERN AVENUE, LOS ANGELES 22, CALIFORNIA 
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VIBRATION AND 
STRESS ANALYSIS SYSTEM 





The Century Vibration and Stress Analysis System provides all of the necessary equipment 
to amplify and record vibration and stress-strain phenomena over a frequency range from 


0 to 2000 cps. 


Two modes of measurements are used in covering this system: (a) a carrier amplifier system 
to measure phenomena in the range of 0-500 cps, utilizing externally excited pick-ups as the 
sensing element; and (b) a linear-integrating amplifier system covering the range of 3-2000 
cps, utilizing self-generating pick-ups, or d.c. excited strain gages employed dynamically. 
Both of these modes utilize either the Century Model 408 or 409 Oscillograph. 

Write for Bulletins, 


GEOPHYSICAL CORPORATION 


TULSA, OKLAHOMA 


eit \ 


electrical manufacturer 
CHEMICALLY CLEANS 1 
UNIT EVERY 8.3 SECONDS. 
Costly reprocessing due to 
dirty units is eliminated. 
Production lines oper- 
ate at better effi- 


PASSAIC ANALYTICAL 
LABORATORIES, Inc. 


228 Aycrigg Ave. Passaic, N. J. 


238 Lotayette St 


EXPORT OFFICE 


as, Texas 149 Broadway, N. Y. City 











iin 
PRESSURE 
GAGES... 


—are the result of good design, 
careful selection of materials 
and meticulous care in manu- 








facturing. 


In the Acragage you get these 
three vital factors plus the fa- 
mous solid front with full area 
blow out disc. 


Catalog M-50 tells much about 
these better Acragages. 


Send for ycur copy today. 


Th ACRAGAGE 








Corporation 





WAMPUS LANE + MILFORD, CONR. 


NEW LITERATURE 





ures power, impedance, and SWR. 
Includes performance characteristics 
with power measurements, SWR 
measurements, and impedance meas- 
urements. Gives tube compliment, 
size, and weight.—The Rollin Co., 2010 
Lincoln Ave., Pasadena 3, Calif. 
Mention L-387 on card 


Electric Indicators. New 4-page 
illustrated Bulletin 101 gives applica- 
tions and requirements of maker’s 
electric meters with ribbon suspen- 
sions. Includes principles and advan- 
tages of ribbon suspensions. Accom- 
panying Bulletin 102-A lists available 
meters.—Columbus Products Corp., 
1010 Saw Mill River Rd., Yonkers, 
N. Ue 


Mention L-388 on card 


UHF Signal Generator. New 4-page 
bulletin describes and illustrates mak- 
er’s “Type H-12” UHF signal genera- 
tor. Includes applications, specifica- 
tions and description of controls, con- 
nections, etc.—Aircraft Radio Corp., 
Boonton, N. J. 


Mention L-389 on card 


Calorimetric Wattmeter. New 2- 
page brochure gives features and 
statistics on maker’s ‘Calorimetric 
Wattmeter” for accurate measure- 
ment of absclute microwave power. 
G. W. Associates, P. O. Box 2263, El 
Segundo, Calif. 


Mention L-390 on card 


Resistors, Potentiometers 


Corrugated Ribbon Resistors. 2- 
page Jan. 1953 issue of “The Ohmite 
News” features article on “Corrib” 
heavy-duty resistors made of corru- 
gated ribbon of resistance alloys. 
Other articles describe voltage-divider 
calculations, chokes, and parasitic sup- 
pressors.—Ohmite Mfg. Co., 4835 
Flournoy St., Chicago 44, Ill. 


Mention L-391 on card 


Carbon Film Resistors. New 4-page 
bulletin describes and illustrates mak- 
er’s l-percent precision microcrystal- 
line carbon resistors. Includes dimen- 
sions, technical information, specifica- 
tions, and prices.—Chase Resistor Co., 
9 River St., Morristown, N. J. 


Mention L-392 on card 


Precision Potentiometers. New 2- 
page Bulletin 128 gives features, spec- 
ifications, and power ratings of “AJ 
Series” precision multiturn potentio- 
meters; also general features of “AJ, 
AJS, and AJSP” series.—The Helipot 
Corp., So. Pasadena, Calif. 

Mention L-393 on card 


Precision Potentiometers. New 
page bulletin describes and illustrates 
maker’s precision “Dekapot and Deka- 
stat’’ potentiometers and _ rheostats. 
Includes features, and general specifi- 
cations.—Brown Electro-Measurement 
Corp., 4635 S. E. Hawthorne Blvd., 
Portland 15, Oregon. 

Mention L-394 on card 


Miniature Precision Potentiometers. 
New 2-page bulletin illustrates and 
gives general specifications on minia- 





turized precision potentiometers fea- 
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Can you count to 9S9; 


75,464 


FORWARD AND BACKWARD 
POSITIVE AND NEGATIVE 
WITHOUT LOSING A DIGIT? 


THE 


ANALOG DIGITAL 


BY 


Three decade unit illustrated above converts input shaft positions into 
electrical signals, covering c number range from 000 to 999 at a speed 


of 250 number changes per second or up to 1600 per second with a spec- 


ial high speed adapter. 


Output signals can be used for a visual count display or to operate 


|. B. M. typewriter or card punch. 


turing low inertia, low torque, high 
wattage, and high-temperature oper- 
ation, Includes rectilinear and rotary 
types.—Galetronics, Inc., 2607 E. Foot- 
hill Blvd., Pasadena 8, Calif. 


Mention L-395 on card 


Precision Potentiometers. New 2- 
page illustrated Catalog Supnlement 
8-A presents new “Type CR” contin- 
uous-rotation precision pots; also 
features and specifications of “Stand- 
ard Series Multipot” multiturn pots. 
Ford Engineering Co., Upland, Calif 


Mention L-396 on card 


Precision Potentiometers. New 2- 
page Bulletins 101, 102, and 103 de- 
scribe and illustrate maker’s “Spiral- 
pot,” “Microtorque,” and “Syncro- 
mount” potentiometers. Include appli- 
cations, specifications, modifications, 
dimensions, and ordering information. 
G. M. Giannini & Co., Inc., Pasadena 1, 
Calif, 


Mention L-397 on card 


Precision Potentiometers. New 1- 
page bulletin describes and illustrates 
maker’s “RVC-2” precision potentio- 
meters with unitized construction. In- 
cludes features, specifications, and 
sales representatives.—Servotrol Co., 
114 W. Illinois St., Chicago 10, Il. 


Mention L-398 on card 


Printed, Plug-in Circuitry 
Printed Circuits. New 4-page bul- 
letin describes and illustrates maker’s 





| 


AR. 9-5206 or BR. 2-7308 
2233 FEDERAL AVENUE 
LOS ANGELES 64, CALIF. 


Can you afford to be without 


CONVERTER 


NOT ONLY CAN... 
BUT HAS DONE SO 


3 years of constant use at a Navy 
Test Center has counted that much 
and is still going. 


corrosion-resistant thermometers? 





Production errors caused by thermom- 
eter failures can be mighty costly. 


The corrosion-resistant, pressure-tight 
construction of Rochester dial ther- 
mometers saves you this sort of ex- 
pensive trouble. And it practically 
doubles the life of the thermometer 
under severe operating conditions. 


An exclusive stainless 
steel welding process 
bonds case, stem and 
nut into a single cor- 
rosion-resistant unit. 


RECALIBRATE ON THE JOB 

Rochester dial thermometers are built 
to stay accurate under , rough treat- 
ment. But if an unusually hard blow 
knocks the pojater out of adjustment, 
you can recalibrate it quickly and 


easily by turning a single screw. 
You can order money-saving Roch- 
ester thermometers from one of our 
specialized instrument representatives, 
listed in Sweet’s Catalog or the yellow 
pages of your telephone directory. Or 
write us direct for further details. 


MILLIONS of Rochester dial thermometers are now delivering dependable service 


Manufacturing Company, Inc. 
85 Rockwood St., Rochester 10, N. Y. 


TCHtE?J 


DIAL THERMOMETERS 


GAUGES 


Sh at 


Ce ee 
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INSTRUMENT ENGINEERS 


needed for 
Design * Development ¢ Research 


Our continuing expansion 
program offers... 

the KEY to your 

FUTURE in fields of 


¥ Process Control 
© Replies strictly 


confidential ° ° 
@ Interviews arranged Vv Automatic Data Handling 
at our expense 


OSes O0at steer Vv Magnetic Recording 


ing expenses paid. 


4+Hwe 
1902 W. Minnehaha Ave. St. Paul W4, Minnesota 
You will enjoy LIVING in Minnesota 








INSTRUMENT ENGINEER. ASST. CHIEF ENGINEER 
Sep grams. Miest Se enpable “ Wanted by manufacturer of 
writing instrument  specifica- butterfly, slide and gate valves 
tions from process flow sheets located in Southwestern Con- 
and following job through draft- necticut. Must be experienced in 
ing, purchasing, field installa- designing and estimating valves 
tion and plant startup. Desire with manually and automatic- 
man capable of instructing cus- ally operated control mecha- 
tomers’ instrument men in han- nisms. Attractive salary and op- 
dling instruments in new refin- portunity to regent complete 
eries as they are installed. Uni- charge in short time. Give full 
; : . details about your education and 
versal Oil Products Company, experience, to be held confiden- 
30 Algonquin Road, Des Plaines, tial. W. S. Rockwell Co., 200 
Illinois. Eliot St., Fairfield, Conn. 























TANKOMETER 


FOR MEASURING TANK 
CONTENTS ANY DISTANCE AWAY 


HYDROSTATIC PRESSURE * VACUUM °* DRAFT 


DEPTH & ABSOLUTE PRESSURE 
GAUGES BAROMETRIC PRESSURE 


DIFFERENTIAL PRESSURE 
FOR ALL PURPOSES SEND FOR BULLETINS 


UEHLING INSTRUMENT CO. ‘eareeson. nua. 
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NEW LITERATURE 


printed circuits. Includes applications, 
advantages, typical types, and avail- 
abilities.—Circuitron, Inc., 400 North 
St., Hoboken, N. J. 

Mention L-399 on card 





Plug-In Circuitry. New 4-page Bul- 
letin 106-11-2 describes and _ illus- 
trates maker’s miniaturized, packaged, 
pulse circuitry plug-in units, Includes 
brief tabulation of stock items.—Wal- 
kirt Co., 145 W. Hazel St., Inglewood, 
Calif. 

Mention L-400 on card 

Plug-in Circuitry. New 4-page il- 
lustrated folder presents new “Uni- 
stage,” a functional circuit self-con- 
tained in a plug-in housing for use in 
design of all types of electronic de- 
vices.—Technical Development Corp., 
4060 Ince Blvd., Culver City, Calif. 


Mention L-401 on card 


Transistors, Tubes 


Transistor. New 2-page bulletin de- 
scribes tentative development charac- 
teristics for maker’s “Type 2517” 
transistor. Includes connection code 
and static characteristics chart.—Fed- 
erated Semi-Conductor Co., 66 Dey 
St., New York 7, N. Y. 

Mention L-402 on card 

Phototubes,, Cathode-ray and Spe- 
cial Tubes. New 20-page Form CRPS- 
102-A describes and illustrates mak- 
er’s gas and vacuum phototubes, mul- 
tiplier phototubes, oscillograph tubes, 
camera tubes, monoscopes, low-micro- 
phonic types, ultra-high-frequency 
types and other special-type tubes. 
Includes price schedule. Price 15 cents. 
—Radio Corporation of America, Tube 
Department, Harrison, N. J. 

Mention L-403 on card 


Power and Gas Tubes. New 20-page 
catalog describes and illustrates mak- 
er’s power and gas tubes, including 
vacuum power tubes, glow-discharge 
tubes, rectifier tubes, thyratrons, and 
ignitrons. Price 15 cents.—Radio Cor- 
poration of America, Harrison, N. J. 

Mention L-404 on card 


Power Tetrode. New 2-page techni- 
cal data sheet describes and illustrates 
maker’s “4D21” tetrode. Includes 
characteristics, ratings, and typical 
operation for audio-frequency power 
amplifier, modulator, oscillator (un- 
modulated), and Class-C r-f. high- 
level modulator-amplifier—Lewis & 
Kaufman, Ltd., 110 El Rancho Ave., 
Los Gatos, Calif. 

Mention L-405 on card 


Power Pentode. New 2-page techni- 
cal data sheet on maker’s “4E27A” 
power pentode provides dimensions, 
general electrical characteristics, and 
characteristics under two modes of 
operation. Includes ratings and oper- 
ation data for power amplifier, oscil- 
lator, and modulator.—Lewis & Kauf- 
man, Ltd., 110 El Rancho Ave., Los 
Gatos, Calif. 

Mention L-406 on card 


X-Ray Tubes. New 8-page_ inter- 
changeability list indicates maker’s 
tube types that will replace types 
shown by other manufacturers.—Dun- 
lee Corp., 4558 W. Congress St., Chi- 
cago 24, Ill. 
ot Mention L-407 on card 





Tubing, Fittings 


Corrosion-proof Tubing. New 4- 
page illustrated Bulletin L6506 de- 
scribes several kinds of maker’s cor- 
rosion-proof tubing, including instru- 
ment tubing, single-line metal tubing 
with plastic sheath, multiple metal 
harness with polyethylene coating, and 
multiple polyethylene tube harness 
with vinyl sheath. Includes properties 
and typical uses.—Samuel Moore & 
Co., Dekoron Tubing Div., Mantua, 
Ohio. 


Mention L-408 on card 


Tubing Fittings. New 8-page Bul- 
letin K-151 describes and illustrates 
maker’s stainless-steel fittings with 
double-sealing action. Includes types, 
technical data, specifications, dimen- 
sions, and_ prices.—Special Screw 
Products Co., 5445 Dunham Rd., Bed- 
ford, Ohio. 


Mention L-409 on card 


Motors 


Permanent-magnet Motor. New 4- 
page Bulletin F4344 illustrates and 
gives design features and adaption 
suggestions on new millihorsepower 
motors for industry and aircraft.— 
Barber-Colman Co., Rockford, III. 


Mention L-410 on card 


Motors. New 4-page “Bodine Motor- 
gram” Vol. 33, No. 1 features articles 
on (1) application of maker’s frac- 
tional-hp. motors in multi-record “Dy- 
nalog,” (2) proper selection of brushes 
for brush-type motors, and (3) other 
items on motors.—Bodine Electric Co., 
2250 W. Ohio St., Chicago 12, Il. 


Mention L-411 on card 


Transformers 


Pulse Transformer. New specifica- 
tion sheet gives features and specifi- 
cations of maker’s “Type PT-1 Lab- 
trans” pulse transformer for use in 
microsecond and fractional-microsec- 
ond ranges.—Berkshire Laboratories, 
Beaver Pond Rd., Lincoln, Mass. 

Mention L-412 on card 


Luminous-tube Transformers. New 
8-page Booklet GEA-5859, on lumin- 
ous-tube transformers for indoor and 
outdoor application, contains photo- 
graphs, diagrams, and _ specification 
tables on standard outdoor trans- 
formers, indoor hanger transformers, 
display sign transformers, and capaci- 
tor transformers; also application 
data on capacitor transformers and a 
section on bombarding transformers 
for processing luminous tubing.—Gen- 
eral Electric Co., Schenectady 5, N. Y. 


Mention L-413 on card 


Transformer Buyer’s Guide. New 
102-page illustrated 1953 edition of 
maker’s “Instrument Transformer 
Buyer’s Guide,” GEA-4626F, contains 
basic information on maker’s complete 
line. Includes ratings, ASA accuracy 
classifications, and prices of indoor 
and outdoor potential and current 
transformers. Lists ratio and phase- 
angle tests, with tables covering me- 
chanical and thermal limits of cur- 
rent transformers.—General Electric 
Co., Schenectady 5, N. Y. 

Mention L-414 on card 








The Gaertner 


TOOLMAKERS’ MICROSCOPE 


For use wherever precision measurements are re- 


quired in shop inspection or layout procedures. 


INCH OR METRIC UNITS 
Coordinate Measurements 


Left to Right 100 mm or 4 inches 


Front to Rear...... 50 mm or 2 inches 


Direct Reading to. .0.002 mm or 0.0001 inch 


Angular Measurements 
Stage Range 
Reading with Vernier 1 min. 
Protractor Circle Range 360° 
Reading with Vernier ] min. 


Magnification 


Microscope Column Tilt 


Detects errors in cutting tools. 
Checks threads and thread gages. 


Measures critical dimensions on machine and instru- 
ment parts. 


Adaptable to flat work, round work, odd shapes. 





A completely illustrated booklet presenting detailed in- 
formation on all models and accessories and suggesting 
applications. 


REQUEST BULLETIN 147-50 











THE GAERTNER SCIENTIFIC CORP. ™ 
1211 WRIGHTWOOD AVE.., CHICAGO 14, ILL. 











Engineer or Physicist with 
specialized training or ex- 
perience in frequency re- 
sponse analysis as applied 
: , to pneumatic controllers 
opportunity with large a : 

PI y ; to work in Research De- 


New England — nufac- partment of manufacturer 
turer. State educational of industrial cortrollers. 
background, experience Location—Connecticut. In- 
and salary. Box 233, In- clude resume with reply. 
struments Publishing Co., Box 234, Instruments Pub- 
921 Ridge Ave., Pitts- lishing Co., 921 Ridge 
burgh 12, Penna. Ave., Pittsburgh 12, Pa. 


Engineer, experienced, for 
research and development 
on electronic self-balanc- 
ing instruments. Excellent 
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Product Index 


For information on the following advertised products, write the product number on the postage-free card on page 475. 





Temperature 2 Thermal Conductivity Cell Gow-Mac, page 438 
A-701 Indicating Pyrometers Lewis Eng., page 321 A-77: Thermal Conductivity Permeameter Cambridge, 
A-702 Pyrometer General Electric, page 325 et ad G “a Ke — 
A-703 Temperature Regulator Fulton-Sylphon, page 329 . HM i Meee oak ae 4D ag ce 448 
A-704 Electronic Temperature Control L&N, p. 330, 346 Pe Seeeny eer ke Pen 
A-705 Bimetal Dial Thermometer M M & Moore, p. 334 tai 
A-706 Thermometers U.S. Gauge, page 361 ; _ =" eettumidity ee, 
A-707 Self-operating Controllers Trerice, page 373 ; : y “6 . a “ ee! Dt: Be ae P 
A-708 Mercury-actuated Thermometers Palmer, p. 378 : Hygrometers, Psychrometers Moeller, page 443 
A-709 Surface Immersion Pyrometers Pyrom. Inst., p.383 Weight Tor 
A-710 Pneumatic Temperature Control Burling, p. 390 - re Load, eo 7 249.946 
A-711 Thermowells Karn Chemical, page 392 Load Measurement, Control Taylor, pages 342-343 
A-712 Thermowells Trinity Equipment page 394 779 ‘Torque Pressure Instrumentation U.S. Gauge, 361 
A-713 Time-temperature Program M-Honeywell 398-399 Selectrol ‘ heckweigher Exact Weight, page 459 
A-714 Thermopiles Eppley Lab - e 433 cai 7 7 Torque Testing Fixture Sturtevant, page 466 
A-715 Temperature Control Alnor, page 436 -782 Pneumatic Weight Transmitters Monsell, p. 474 
A-716 Thermometers Weksler, page 437 Motion. Position 
A-717 Thermal Conductivity Cell Gow-Mac, page 438 Cetin Gam RR oo ave 397 
A-718 Thermometers, Vacuum Gages Moeller, page 443 . Se ee tee me “4 392” oe 
A-719 Thermometers, Pressure, Marshalltown Mfg., 446 pA | ineen alien Pot eee ponelage F 
A-720 Precision Temperature Measurement Rubicon, 447 non tact anthem alee Pleckee awe 462 
A-721 Surface Thermometer Pacific Transducer, p. 448 adi » Pe re 
A-722 Thermometers, Controls Phila. Thermometer, 450 Tachometers, Timin 
A-723 Temperature Control Wheelco, page 451 en oe g ae 
A-724 Immersion Thermostat George Ulanet, page 452 A-c., D-c. Tachometers Elinco, page 396 
A-725 Autronic Temperature Control Swartwout, p. 455 Counter-tachometer I ickup Electro, page 
A-726 Corrosion-resistant Thermometers Rochester, 469 id liming Devices A.W. Haydon, page 474 
A-727 Pyrometer Supplies M-Honeywell, page 473 A-790 Precision Timers Standard Electric, page 
A-728 Thermocouple Wire, Supplies Gordon, page 474 Counting, Computing 
Pressure A-791 Automatic Data Reduction, Calibrator, Telereader, 
A-729 Pressure, Temperature Control Leslie, page 333 os Telecordex Telecomputing Corp., page 375 
A-730 Pressure, Temp. Transmitters M M & Moore, 371 A-792 Computers, Storage Systems ERA, pages 390, 391 
A-731 Precision Mercurial Manometer W & Tiernan, 379 A-793 Impulse Counter, Storer Kellogg S&S, page 397 
A-732 Pressure Reducing Regulator Wilgus, page 384 A-794 Convertible Shift Counters Veeder-Root, page 412 
A-733 Pressure Snubber Chemiquip, page 388 A-795 Preset Counter, Control Berkeley Scien., page 432 
A-734 Dead-weight Gage Tester Amthor, page 392 A-796 Productimeter Counters Durant Mfg., page 438 
A-735 Pressure Instruments Weksler, page 437 A-797 Industrial Counters Production Instrument, 453 
A-736 Manometers Meriam, page 441 A-798 Computers, Servomechanisms Servomechanisms, 
A-737 Pressure Control Mercoid, page 451 2 page 465 : a , 
A-738 Pressure, Motion Pickup Bourns, page 459 A-799 Analog-digital Converter Genisco, page 469 . 
A-739 Pressure, Vacuum Gages Helicoid, page 453 A-800 Network Analyzers Standard Electric, page 477 
A-740 Standard Pressure Gages Heise, page 464 . 
A-741 Pressure Gages Acragage, page 468 . Servomechanisms . 
A-742 Pressure, Vacuum Gages Uehling, page 470 A-801 Servomechanism Analysis DuMont, page 353 
A-743 Plesotronics. Ultrasonics Brush page 478 A-802 Servomechanisms, Microsyns Doelcam, page 397 
; ‘ A-803 Servomechanism Components Servomechanisms, 


Flow page 465 
A-744 Flow Measurement, Control Bailey, page 328 . 
A-745 Electronic Flow Meter Hays, page 337 Optical Instruments, Components Sai 
A-746 Flowrator Flowmeter Fischer & Porter, page 341 A-804 Selenium Photocells International Rectifier, 335 
A-747 Ring Balance Flowmeters Hagan, page 355 A-805 Optical, Mechanical Components Unertl, p. 394 
A-748 Flowmeters U.S. Gauge, page 361 A-806 Microscope Gaertner, page 471 
Mercury, Mercuryless Meters American Meter, 365 
Aerovane Wind Analyzer Bendix-Friez, page 391 = . Recorders ‘ . a 
Auto-Pneumatic Pulsafeeder Lapp, page 393 A-807 Dynamic Recording Systems Consol. Eng., 331 
Indicating Flowmeters Meriam page 441 A-808 Multichannel Recording Sanborn, page 357 
Small-quantity Flowmeter, F Ww Dwyer, page 442 A-809 Oscillograph Recording Heiland Research, 359 
Aven Meters. Linameter Penn Indust. page 452. A-810 Multichannel Consolette Recorder Edin, p. 362 
_ - Ban st.. pe te 67 A-811 Magnetic Recording Eng. Research, page 390 
Bellow Flowmeters Barton Inst., page 467 A-812 Recording Oscillograph Century Geo., page 468 
Level A-813 Magnetic Recording Brush, page 478 
Level-trol Control Fisher Gov., inside front cover A-814 Oscillograph Recorder Midwest Geo., 3rd cover 


Level Controls, Strainers Leslie, page 333 Test Chambers 
Radioactive Level Control Ohmart, page oo8 A-815 Test Chambers Standard Cabinet, page 433 
Non-frosting Level Gages Jerguson, page 366 A-816 Test Chambers Webber Appliance, page 441 
Float Valves Klipfel, page 436 
Tank Gage Liquidometer, page 453 Testing, Inspection 
Bellows-type Level Meters Barton, page 467 A-817 Inspectors’ Test Gages, U.S. Gauge, page 361 
Tank Gaging Uehling, page 470 A-818 Dead-weight Gage Tester Amthor, page 392 
* A-819 Fabric Permeameter Cambridge Instrument, 440 

Analytical A-820 Scleroscope Hardness Tester Shore, page 466 
Analytical Instruments Consolidated Eng., p. 331 A-821 Torque Testing Fixture Sturtevant, page 466 
Gas Analysis Hays, page 337 A-822 Vibration, Stress Analysis Century Geo., p. 468 
Density, Humidity Taylor, pages 342-343 A-823 Toolmakers’ Microscope Gaertner, page 471 
pH, Redox Leeds & Northrup, page 346 A-824 Testing Furnaces Claud S. Gordon, page 474 
Chart of the Atoms Welch Scientific, page 349 
pH, Chlorine Control W. A. Taylor, page 356 Process Control 
Radicactive Density Control Ohmart, page 358 A-825 Consotrol Process Controller Foxboro, page 324 
X-ray Diffraction Norelco, page 385 A-826 Pyrometer Controller General Electric, p. 325 
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Here’s why it pays to know your 


John Kramer, Honeywell Supplies Man in the 
Cleveland area, shows superintendent Russell 
Brown of the Belden Brick Company the 
weather-proof features of the Brown screw 
type thermocouple head . . . here installed in 
the crown of a brick kiln. 


Ideal for any location, outdoors or indoors 
where service exposure is severe, this head 
offers many unusual features. Its unbreakable 
metal cap fits tightly; prevents moisture and 
hot, corrosive gases from attacking electrical 


REFERENCE DATA: Send for Pyrometer Supplies Buyers’ Guide 
No. 100-4. 





HONEYWELL SUPPLIES MAN 


connections. Threads are inside... won’t rust, 
corrode or freeze up. 


Your local Honeywell Supplies Man will be 
glad to give full details, and to show you how 
planned buying... the HSM way ...can bring 
new economy to all your pyrometer supplies 
purchasing. He’s as near as your phone. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., 
Industrial Division, 4429 Wayne Ave., Phila- 
delphia 44, Pa. 


Below: Brown screw-type armen 
head on bee-hive kiln at Belden Brick Co, 





“GERVRI I E : 


Insulated | 7 
‘Thermocouple Wire 
Extension Lead Wire 


FOR 





PLATINUM COUPLES 
CHROMEL ALUMEL 
IRON CONSTANTAN 

COPPER CONSTANTAN ~ 
IRON CUPRONEL 


No matter what your wire or insulation 
requirements may be, you can depend 
on Gordon ‘'Serv-Rite’’ insulated wire 
for pyrometers—recognized as a stand- 
ard of highest quality for nearly half a 
century. All ‘‘Serv-Rite"’ wire is now man- 
ufactured in the new, completely modern 
Gordon plant, employing up-to-date 
equipment and machinery, supervised 
and operated by skilled technicians— 
your guarantee of continued precision 
quality. In addition to maintaining iarge 
stocks of all common types of wire, 
Gordon will manufacture special insula- 
tion, in long or short runs, to suit your 
individual needs and meet your most 
rigid specifications. 


Ali Types of Insulation 


Felted Asbestos 


Asbestos Braid 
a Weatherproof Braid 
Gi " 

4 ass Braid Polyvinyy Plassj 

ic 
Nylon Braid 


id 
Stainless Steel Armored Brai 


Silicone Treated 


Cotton Braid Lead Jacket 





The home of “SERV-RITE” 
Full Particulars on Request 


4229 


°age 
e)}-i'ye 


«}¥, E 


CLAUD S. GORDON CO. 
Manufacturers & Distributors 
Thermocouple Supplies + Industrial Furnaces & Ovens 
Pyrometers & Controls « Metallurgical Testing Machines 


Dept. 21 + 3000 South Wallace St., Chicago 16, III. 
Dept. 21 + 2035 Hamilton Ave., Cleveland 14, Ohio 


* 
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when timing gives 
you a hard time 


Turn your problem over to the 
A. W. HAYDON COMPANY — past masters at 
solving the tough ones. 
The know-how of A. W. Haydon 
Engineers is your assurance of prompt, 
accurate service regardless of the 
intricacies of the problem. 


Lhe 


Send for catalog. — 
Would you like to work /\.W-HIAYDON 
with us? We need quali- 
fied engineers now. Excel- COMPANY 


lent opportunities for men 
: 228 NORTH ELM STREET 
—— looking to the WATERBURY 20, CONNECTICUT 
F Design and Manufacture of Electrical Timing Devices 








Pneumatic 
Weight 
Transmitters 


FOR LINEAR CONVERSION OF WEIGHT INTO 
POUNDS PER SQUARE INCH AIR PRESSURE 
A complete line of weight transmitters in single and multiple dia- 
phragm construction with load capacities up to 23,000 pounds per 
diaphragm. Pneumatic tare balance for any portion of the total load 
on all models. All moving parts are enclosed totally. Complete weigh- 
ing systems designed to your requiraments. 


WRITE FOR CATALOG 


JOHN R. MONSELL 
Manufacturing Engineer 


Pitman, N. J. 











Process Control Bailey Meter, page 328 A-881 Electronic Test Equipment Allied, page 447 
Electromax Electronic Controller L&N, page 330 A-882 Bridges, Potentiometers Rubicon, page 447 
Combustion Control Hays, page 337 A-883 Conductance (G) Meter Boonton, page 460 
Process Control Equipment Bristol, 338-339 A-884 B Nobatron Supplies Sorensen, page 461 
Pneumatrol Controller Fischer & Porter, p. 341 A-885 Rate-of-Motion Pickup Electro, page 462 
Process Instrumentation Taylor, pages 342-343 A-886 Carrier Amplifier Century Geo., page 468 
Process Monitor, Annunciators Panalarm, p. 351 A-887 Ultrasonic Equipment Brush, page 478 
Process, Boiler Control Hagan, page 355 cM, - ? 
Radioactive Cell for Process Control, Ohmart, 358 Precision Potentiometers, Resistors 
Pneumatic Transmitter MM & Moore, page 371 A-888 Wire-wound Rheostats, Resistors Ohmite, 340 
Process Instrumentation M-Honeywell, 398-399 | A-889 Precision Potentiometers Tech. Inst., p. 369 
Process Instrumentation Penn Indus., p. 440, 452 A-890 Precision Potentiometers Electro-Mec, page 386 
Annunciators, Scanners Tigerman, page 449 A-891  Linear-motion, Precision Pots Edcliff, page 392 
Process Controller Wheelco, page 451 $ A-892 Precision Ten-turn Duodial Helipot, page 440 
Autronic Electronic Control Swartwout, page 455 A-893 Precision Resistors The Daven Co., page 446 
Ai A-894 Plug-in Precision Pots Fairchild, page 457 
Ir A-895 Trimpot Precision Pots Bourns, page 459 
Clean Air Compressors Nash, page 336 . 
Low-press. Pipe-line Filter Dollinger, 381-382 Relays, Switches 
Air Cleaner, Dryer Industrol, page 389 A-896 High-frequency Impulse Relay Clare, page 317 
Air Line Filter Cuno, page 435 A-897 Rotary Solenoids G. H. Leland, page 322 
Dynamic Dryers Kemp, page 447 | A-898 Precision Relays Advance Electric, page 380 
Condensifilter Dryer, Filter Hankison, page 450 A-899 Delay Relays Amperite, page 395 
Val A-900 Time Delay Relays AGA, page 444 
aives A-901 Mercury Switches Mercoid, page 451 
Control Valves Kieley & Mueller, pages 318-319 x 
Flex-Valves Farris Flexible, page 323 Electronic Components 
Control Valves Leslie, page 333 ? A-902 Silectron C-Cores Arnold Engineering, page 326 
Control Valves Mason-Neilan, page 344 A-903 Plasticote Wire, Cable Chester Cable, page 327 
Control Valves Annin, page 368 ” A-904 Contacts, Capacitors, Batteries Mallory, page 322 
Safety, Control Valves M M & Moore, page 371 A-905 Unitized Electronic Components Alden, 350, 376, 
Solenoid Electric Valves Atkomatic, page 372 460 
Butterfly Valves | R-S Products, page 428 A-906 Connector Assembly Manual Amphenol, page 352 
Float Valves Klipfel, page 436 _ in A-907 Electron-Tube Buyers’ Guide State Sales, p. 370 
Pneumatic Diaphragm Motors Conoflow, page 442 A-908 Electronic Components, Equipment Hudson, 391 
Butterfly Valves Continental Equip., page 444 A-909 Pulse Transformer, Cores ERA, page 391 
Solenoid Valves Marsh, page 449 ™ A-910 Fractional-hp. Motors, Generators Elinco, p. 396 
Butterfly Valves W. S. Rockwell, page 462 A-911 Hermetic Sealed Connectors Cannon, page 434 
Control Valves Hammel-Dahl, back cover A-912 Pilot, Panel Lights Dialight, page 435 
’ sage A-913 Electronic Components Allied, page 447 
Tubing, Fittings A-914 Voltage Regulator Tubes Victoreen, page 464 
Vacuum-tight Tubing Fittings Crawford, page 360 
Corrosion-proof Tubing Samuel Moore, page 443 Instrument Components 


A-915 Bellows, Assemblies Fulton-Sylphon, page 329 
Panelboards, Enclosures A-916 Dials, Nameplates U.S. Radium, sc 367 
Instrument Panels, Control Boards Falstrom, 320 A-917 Worms, Gears Quaker City Gear, page 374 
Panelboards, Enclosures Littleford, page 364 A-918 Vibration, Shock Mounts Lord Mfg., page 377 
Panelboards, Enclosures Kirk & Blum, page 453 A-919 Mercureceiver Trap Chemiquip, page 388 
Laboratory Panels Standard Electric, page 477 A-920 Labels, Dises, Panels Hermes Plastics, page 388 


Electrical & Electronic Instruments 


Electrical Panel Instruments Weston, page 345 A-921 
Oscillography DuMont, page 353 A-922 
Ruggedized Indicators Hickok, page 354 A-923 
DC Converter Sanborn, page 357 A-924 
Telemetering Amplifier Bendix-Pacific, page 363 A-925 
fonotron Static weemneragae: 3 U. S. yoy A-926 Engraver, Grinder New Hermes, page 458 
Pulsecope, emma Sg gg s ‘ A-927 Mercury Oxifier, Filter Bethlehem, page 466 
FM Signal Generator, Bridges, Test Equipmen A-928 Instrument Cleaning Passaic Analytical, p. 468 
Measurements oe page — ; dei : 
Electronic Test Equipment udson, page 39 ° 
Ballast Regulators Amperite, page 395 an Miscellaneous 
Frequency-response Analyzer Doelcam, page 397 A-929 British Instrument Exposition Bridges, p. 383 
M tic I i Count Kellogg S&S, page 397 4-930 Consultants page 456 

agnetic Impulse Counter ellogg S&S, page 397 A-9: su § age 45600 
Frequency Standards Riverbank Labs., page 445 A-931 Positions pages 470, 471, 476 


Shop Equipment 
Numbering, Marking Acromark, page 385 
Engraving Machine H. P. Preis, page 394 
Engraver, Profiler Green Instrument, page 445 
Electropunch, Electropress Black & Webster, 449 
Precision Lathes Levin, page 451 








Your Inquiry Card > Instruments, 921 Ridge Ave., Pittsburgh, Pa. (March 1953) 


Not good after May 1, 1953 


} ™ \ Please have the following pieces of LITERATURE sent to me: 
A supply of these ca b 
= io online Numbers 
Is your copy of Instruments routed 
9 
pad shiante “p-sil : I desire further information on the following NEW INSTRUMENTS: 
Does your Company Litrarian for- 
bid mutilating tech mags? Numbers 
Or do you yourself wish to pre 
serve your own copies intact? 
Just drop us a postal card asking I desire details on the following ADVERTISED PRODUCTS (Write 
for Inquiry Cards and we'll page number and name of company or product number (see page 472) 
send you twelve! Do it NOW. 











\ ( Name Title 


Please Print 





March 1953—Instruments—Page 475 Company 
Co.’s Address 








ADVERTISERS’ INDEX 


Acragege Co 468 

Acromark Company 385 

Advance Electric and Relay Company 380 

A'G’A Division of Elastic Stop Nut 
Corp of America 

Aiden Products Co. 

Allied Radio Corp 

American Chain & Cable Co 

American Machine & Metals, Inc 

American Meter Co 

American Phenolic Corporation 

Amperite Co., Inc 

Amthor Testing Instrument Co 

Annin Company 

Arnold Engineering Co 

Atkomatic Valve Company 


350, 376 


Bailey Meter Co 

Barton Instrument Corp 

Bendix Aviation Corp 

Berkeley Scientific Div., Beckman 
Instruments, Inc 

Bethlehem Apparatus Co., Inc 

Black and Webster, Inc 

Boonton Radio Corporation 

Bourns Laboratories 

Bridges & Sons, F. W 

Bristol Co 

Brush Electronics Company 

Burling Instruments Co 


Cambridge Instrument Co., Inc 
Cannon Electric Co 

Century Geophysical Corp 
Chemiquip Co 

Chester Cable Corp 

Clare & Co., C. P 

Conoflow Corporation 
Consolidated Engineering Corp 
Continental Equipment Co 
Crawford Fitting Co 

Cuno Engineering Corporation 


Daven Co 
Dialight Corporation 
Doelcam Corporation 





English Company, long estab- 
lished and well known, manu- 
facturing a wide range of elec- 
trical measuring instruments 
seeks a representative for sale 
of its products in the U.S.A. 
Preference will be given to a 
representative well connected in 
industry already selling and 
servicing such products. All ap- 
plications will be treated in 
strict confidence by the Manag- 
ing Director who proposes to 
visit the U.S.A. in the early 
spring. Box 235, Instruments 
Publishing Co., 921 Ridge Ave., 
Pittsburgh 12, Penna. 








Dollinger Corporation 
DuMont Labs., Inc., Allen B 
Ourant Mfg. Co 

Dwyer Mfg. Co., F. W 


Edcliff Instruments 

Edin Company 

Electric Indicator Co 
Electro-Mec Laboratory 

Electro Products Laboratories 
Engineering Research Associates 
Eppley Laboratory, Inc 

Exact Weight Scale Co 


Fairchild Camera & Instrument Corp 
Falstrom Company 

Farris Flexible Valve Corp 

Fischer & Porter Co 
Fisher Governor Co 
Foxboro Company 
Friez Instrument Div 
Fulton-Sylphon Division 


Bendix 


Gaertner Scientific Corp 
General Electric Company 
Genisco Incorporated 
Gordon Co., Claud $ 
Gow-Mac Instrument Co 
Green Instrument Co 


Hagan Corporation 
Hammel-Dahi Co 

Hankison Corporation 

Haydon Company, A. W 

Hays Corp 

Heiland Research Corp 

Heise Bourdon Tube Co 
Helicoid Gage Div 

Helipot Corporation 

Hermes Plastics, Inc 

Hickok Electrical Instrument Co 
Hudson Radio & Television Corp 


INinois Testing Laboratories, Inc 
Industrial Div., Minneapolis-Honeywell 
Regulator Co 


46 
390, 391, 
43 


Inside Front Cover 
324 


Back Cover 
450 


473, 398-399 





ENGINEER 

Chicago manufacturer wants 
qualified engineer to head small 
but growing engineering depart- 
ment of recently established rap- 
idly expanding instrument divi- 
sion. Design, development and 
product experience with 
chanical and electrical instru- 
ments and controls needed. Abil- 
ity to organize and supervise 
group necessary. Application 
should include complete resume 
of education, experience and 
past earnings. Box 232, Instru- 
ments Publishing Company, 921 
Ridge Ave., Pittsburgh 12, Penn- 
sylvania. 
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PERMIT No. 1441 
(Sec. 34.9 P.L.&R.) 
PITTSBURGH, PA, 














BUSINESS REPLY CARD 
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4c-POSTAGE WILL BE PAID BY— 


INSTRUMENTS PUBLISHING CO. 
921 Ridge Avenue 


Pittsburgh 12, Pa. 








Industrol Corp 
Instrument & Control! Consultants 
International Rectifier Corporation 


Jerguson Gage & Valve Co 


Karn Chemical Equipment Company 
Kellogg Switchboard & Supply Company 
Kemp Mfg. Co., C. M 

Kieley & Mueller, Inc. 

Kirk & Blum Mfg. Co 

Klipfel Valves Inc 


Lapp Insulator Co., Inc. 
Leeds & Northrup Co. 
Leland, Inc., G 

Leslie Co 

Levin & Son, Inc., Louis 
Lewis Engineering Co 
Liquidometer Corp. 
Littleford Bros., Inc 
Lord Manufacturing Co 


Macbeth Instrument Corp 

Mallory & Co., Inc., P. R 

Manning, Maxwell & Moore, Inc 
Marsh Instrument Co 

Marshalitown Mfg. Co 
Mason-Neilan Regulator Co 
Measurements Corp 

Mercoid Corporation 

Meriam Instrument Co 

Midwestern Geophysical Laboratory 


Inside Back Cover 


Mineapolis-Honeywell Regulator Co. 
Moeller Instrument Co 

Monsell, John R 

Moore & Company, Samuel 


Nash Engineering Company 

Natural Gas Equipment, Inc 

New Hermes, Inc 

North American Philips Company, Inc 


Ohmart Corp 
Ohmite Mfg. Co 


Pacific Div., Bendix 

Pacific Transducer Corp 

Palmer Thermometers, Inc 

Panalarm Products, Inc 

Passaic Analytical Laboratories, Inc 
Penn Industrial Instrument Co 
Philadelphia Thermometer Co 

Preis Engraving Machine Co., H. P 
Production Instrument Company 
Pyrometer Instrument Co 


Quaker City Gear Works 


Riverbank Laboratories 
Rochester Mfg. Co., Inc 
Rockwell Co., W. S 

R-S Products Corp 
Rubicon Co 


Sanborn Co 

Servomechanisms, Inc 

Shore Instrument & Mfg. Co 
Sorensen and Company, Inc 
Standard Cabinet Co 

Standard Electric Time Company 
State Labs, Inc 

Sturtevant Co., P. A 

Swartwout Company 


Taylor & Co... W. A 

Taylor Instrument Companies 
Technology Instrument Corp 
Telecomputing Corporation 
Tigerman Engineering Company 
Trerice Co., H 

Trinity Equipment Corp 


Uehling Instrument Co 

Ulanet Company, George 

Unertl Optical Co., John 

United States Gauge, Div. of American 
Machine & Metals, Inc 

United States Radium Corp 

Universal Oil Products Co 


Veeder-Root Inc 
Victoreen Instrument Co 


Wallace & Tiernan Products, Inc 

Waterman Products Co., Inc 

Webber Appliance Co., Inc 

Weksier Thermometer Corporation 

Welch Scientific Co... W. M 

Weston Electrical Instrument Corp. 

Wheelco Instruments Division-Barber- 
Colman Company 
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Facts behind the S-1 TIMER’S extraordinary 


#12 and +14 fasten to center shaft (13) Fi i 
All other parts slip on shaft. Vi == \ 


| 
CICCUTACY « « « 





Formula S-1: Expensive high torque, ball bearing motor, low inertia \ " 
of moving parts, high proportion of precision and ground \ Gentlemen or Let me give you 
parts, no thrust bearings as found in ordinary clutches. \\ th f l f ' di 
\ ormuia ror our astou 
@ High torque (2 inch-ounce at 100 RPM) industrial grade motor \ 6 stoun ng 
: ; ‘ : ‘ 

(#1) with no internal gear train so small changes in load due to final accuracy of .005 ec. obtained 
binds or hand acceleration cause no phase shift between rotor ae 
and rotating field... runs continuously to eliminate starting error. With our D-C clutch S-1 Timer.” 
Precision cut gears (#2, #3). Any eccentricity or inaccuracies in 
gearing reflect directly in timer reading. 
Slip clutch composed of hardened steel spring (#4) riding a 
V-grooved graphited (for long wear) collet, applies .6 inch-ounces 
of torque to aluminum (for low inertia) control disc (#5) with over 
314 tiny teeth in its periphery. 
To hold control disc (#5) at rest, 2 hardened steel brake shoes 
(#6), ground to square knife edges, grip periphery of control disc 
in 4 places... control disc position to under 2 of a degree 
(1/720 second). 
Electro magnet (#8) pulls brake shoes away from control disc 
through armatures (#7). Air gaps kept to minimum for speed. 
Precision made fulcrums prevent stickiness or unequal movement 
of armatures. 
Adjusting screw (#11) adjusts tension of armature spring (#10) 
so that time between energizing magnet coil and starting of 
control disc is same as time between de-energizing magnet coil 
and stopping of control disc. This compensates for starting and 
stopping errors. 
Second friction clutch (#2) transfers control disc motion to center 
staff (#13); allows hands to be reset when control disc is held 
stationary. 





To Split the Split Second with ACCURACY, Take a Minute Now and 
Write Us for Engineering Data 


SINCE 1884 


The STANDARD ELECTRIC TIME COMPANY 
93 LOGAN STREET * SPRINGFIELD 2, MASSACHUSETTS 


PRECISION TIMERS @© CHRONO-TACHOMETERS @© LABORATORY PANELS @ PIPELINE NETWORK ANALYZERS 
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THE STORY OF A NEW SCIENCE 


Can it help you improve your products? 


RESS OR SQUEEZE piezo-electric materials, and they generate 
electricity. Conversely, charge them electrically and they 


change in dimension. 


The use of such materials, in conjunction with electronic circuits, has 
created a virtually new science... Piezotronics. Modern Piezotronic 
systems enable manufacturers of dictating equipment and hearing aids 
to streamline their products. They help the Navy detect submarines, 
and inspectors detect flaws in materials. They provide a ‘‘memory”’ 
for computing machines, and a power source for users of ultrasonics. 


Brush, the world’s leading producer of man-made piezo-electric 
materials, has prepared this informative 24-page booklet describing 
Piezotronics, its many functions, and its broad application. Mail this 
coupon now for your copy of “‘Piezotronics’”’. . . it may spark the 
product-development idea you have been looking for. 


BRUSH ELECTRONICS | 


COM PANY 


formerly 


INDUSTRIAL AND RESEARCH INSTRUMENTS | The Brush Development Co. 
‘ees 


PIEZOELECTRIC MATERIALS ° 


MAGNETIC RECORDING EQUIPMENT 
ULTRASONIC EQUIPMENT 


Please send me 


FREE COPY 
of 24-page illustrated 
booklet 


“PIEZOTRONICS” 
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Brush Electronics Company 
Sieesicll is an operating unit of 
Clevite Corporation, 


ACOUSTIC DEVICES 














BRUSH ELECTRONICS COMPANY, DEPT. 4-3 
3405 PERKINS AVENUE « CLEVELAND 14, OHIO 


Name 
Company 
Title__ 
Address 
City... 








INSTRUMENT EVENTS 
Calendar 











April 7 

Fifth Annual Symposium, New Jersey Section, 
Instrument Society of America, entitled ‘‘Man- 
agement, Labor, and the Instrument Depart- 
ment.” Hotel Essex House, Newark, N. J. For 
information write L. H. Ballinger, 2371 Chan- 
ning Ave., Westfield, N. J. 


April 13-17 

37th Annual Exhibition of Scientific Instruments 
and Apparatus, Imperial College, London. For 
information write Physical Society, 1 Lowther 
Gardens, London, S.W. 7, England. 


April 29, 30, and May 1 

Electrical Components Symposium to be held 
at Shakespeare Club, Pasadena, CaJ. Sponsored 
by American Institute of Electrical Engineers, 
Radio Engineers, Radio-TV Mfgrs. Asso., and 
West Coast Electronic Mfgrs. Asso. For Infor- 
mation write Dr. A. M. Zarem, Stanford Re- 
search Institute, Suite 1011, 621 S. Hope St. 
Los Angeles 17, Cal. 


May 1 

American Association of Spectrographers sym- 
pesium on “Emission Spectroscopic Determina- 
tion of Metals in Non-metallic Samples” in 
Chieago. For Information write Mr. J. P. Pag- 
liassotti, c/o Standard Oil Co. (Indiana), Box 
431, Whiting, Ind. 


May 11-13 
IRE National Conference on Airborne Elec- 


tronics, Dayton, Ohio. 


May 14 

Civil Engineering Dept. of Manhattan College 

conference on Instrumentation in water, sewage 

and industrial waste treatment, Manhattan Col- 

lege, N. Y. For information write Dept. of Civil 

Engineering, Manhattan College, New York 71, 
Y. 


May 17-28 

Fourth Gauge and Too! Exhibition, New Hall, 
London. For information write Gilbert Beach, 
Sec., Standbrook House, Old Bond St., London, 
W.1, England. 


May 18-21 
1953 Electronic Parts Show, Conrad Hilton Hotel, 


Chicago, Il. 


May 19-23 
Instrument Exhibit Societe Francaise de Phys- 
ique, Sorbonne, Paris, France. 


May 20-22 

Spring meeting of SESA, Hotel Schroeder, Mil- 
waukee, Wisconsin. For information write W. F. 
Hofmeister, Metallurgical Lab., Chain Belt Co., 
4501 W. Greenfield Ave., Milwaukee, Wis. 


May 24-28 

Scientific Apparatus Makers Association, Annual 
Meeting, The Greenbrier, White Sulphur Springs, 
W. Va. 


May 27-29 

Annual Convention, American Society for Qual- 
ity Control, Convention Hall Hotel, Philadelphia, 
Pa. For information write Alfred L. Davis, Ex. 
Sec., 70 E. 45 St., New York 17, N. Y. 


June 15-20, 22-25 

University of Michigan courses in Automatic 
Control. For information write M. H. Nichols, 
Km. 1523, E. Engineering Bldg., University of 
Michigan, Ann Arbor, Mich. 


June 30-July 11 

Second British Instrument Industries Exhibition, 
National Hall, Olympia, London, England. For 
information write E. L. Bols, Grand Buildings, 
Trafalgar Square, London, W.C.2, England. 


July 20-31 

Boston College course in Industrial Spectrog- 
raphy. For information write James J. Devlin, 
S. J. Physics Dept., Boston College, Chestnut 
Hill 67, Boston, Mass. 


September 21-25 

Eighth National Instrument Conference & Ex- 
hibit, Sherman Hotel, Chicago, Ill. For infor- 
mation write P. V. Jones, Mgr., Instrument So- 
ciety of America, 1319 Allegheny Ave., Pitts- 
burgh 33, Pa. 





« « « ON THE Yew MIDWESTERN 


MODEL 570 OSCILLOGRAPH 


Designed by Midwestern to fulfill the demand for the extra 
channels required to properly analyze modern complex mili- 
tary and industrial systems, this new 50 channel dual-optical 
system Oscillograph combines all the experience and fine 
quality craftsmanship of Midwestern Geophysical Laboratories. 


Model 570 will use a wide variety of Midwestern precision 
galvanometers with undamped natural frequencies up to 3500 
cps. Overall dimensions including base: 1414” x 18” x 21.4.” 
weight 100 Ibs. 


A few of the many important features of Model 570 are listed 
below. For complete data ask for Bulletin MO-570 


Featuring « . 


@ continuousty- variable paper @ Precision tuning-fork-controlled 
speed with a new dependable electronic timer which places 
high-torque transmission. ftull-paper-width accurate tim 


A graduated external viewin ing lines on the record every 
i (trace amplitudes ae one-hundredth second with every 


spacing are on a one-to-one tenth line accentuated. A switch 
relationship to those being re- = Pu adredth second line for. slow 
@ Trace - tification (bea n Qin | apmeree. 
e identificatio m in- 
Two separate daylight-loading 
terrupter type). magozines, capacity 200° of 
12” wide recording paper or 
film. 


A unique, dependable cog-beit 
paoper-drive system. 
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HAMMEL-DAHL COMPANY — 
175 POST ROAD, (WARWICK) PROVIDENCE 5, R. I., U.S.A, 
Albany Boston Buffalo Chicago Cincinnati Cleveland Denver Detroit Houston Kalamazoo 


Kansas City Kingsport, Tenn. Los Angeles New Orleans New York Pittsburgh Salt Lake City 
San Francisco Seattle Springfield, Mass. St. Louis Syracuse Toledo Tulsa Wilmington, Del. 


MANUFACTURED AND DISTRIBUTED BY: Canada The Guelph Engineering Co, ltd., Guelph, Ontario 
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